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| Introduction

Chapter 1: The Suppositions

The manifestations of the atmospheric phenomena and
processes are so various that they have long before
created the need for the establishment of an atmospheric
model of the greatest possible comprehensiveness. It is
obvious that such a model is the better, the more empiri-
cal facts can later be incorporated in it, and the less
forcibly this can be done on a physical basis and causal
finishs. It must be flexible in accordance with the variety
of the atmospheric phenomena, that Is to say, it must
allow of certain variations to be made to it, without,
however, being superficial,

The aim of this analysls is to set up a model of the
atmosphere which ig applicable to mean conditions, and
to offer an initial work of this kind. Comparison with
empirical data may prove how far this effort has been
successful,

In deducing the model no use whatever has, intention-
ally, been made of empirical meteorology. This has prov-
ed necegsary in order to be able to recognize the physical
causality of the development of the individual layers in
the atmosphere. Only the simplest mathematical and
physical relations have been employed and only the
quantities, being given by the earth as a planet, that
have becn used -~ though not each time individually
named — arc those stated below. They have been desig-
nated ,basic facts“.

Acceleration due to gravity g
Velocity of the earth's rotation ©
Mass of the atmosphere

Inclination of the carth's axis to the earth's orbit
and the resulting radiative condltions

The existence of special atmospheric layers where
the sun‘s radiation is absorbed; particularly, the
existence of the upper border of the ozone layer.

Surface friction.

Other author's results have not been used unless these
were attained on a strictly theroretical basis. Since
empirical facts have not been employed, it has proved
necessary now and then to use working hypotheses with
a view to permit certain conclusions to be teached.
However, it will turn out in each such case whether the
hypothesis used has been correct or not. In deriving
these initial conclusions, their materialization in nature
must not be asked for.

We have marked only such conclusions as have found fo
be reliable upon thorough examination. These conclu-
sions are indented, put in italics, and marked by double
lines in the left margin, They are denoted by the letter
“C* and bear serial numbers,

The unalysis has been confined to the nontropical lati-
tudes so as to avoid the range of investigation becoming
too large, An analogous model of the tropical latitudes
is left for future establishmcui.

The calculations and investigations of this analysis have
been made in the (x, y, 2)~system, and not in the (x, v, p)-
gystem, nowadays common in meteorology. As later
sections will show, for this study, the z-system is the
more advantagaous of the two. In the system used here,
the x-axis points to the east, the y-axis to the north and
the z-axis to the zenith,

The gradients have been founded on their mathematical
definition, and therefore show in the direction of the
highest increase of the values. Wherever disturbances
are involved — which generally are not independent of
the longitudes — the system of coordinates applicd is
oriented to the horizontal flow. In this, s designates the
coordinate having the direction of the flow, while the
n-axis {8 directed in such a way that it forms together
with the coordinate axes of s and z, a mathematical
rectangular system. The symbols used denote the follo-
wing:
alr pressure
air temperature
alr density
gas constant for dry air
acceleration due to gravity
velocity of the earth's rotation
geographic latitude
Coriolis parameter 2 w sin ¢
Corlolis parameter 2 w cos ¢
wind component in the direction of x
wind component in the direction of y
vertical air motion
threedimensional gradient
Va horizontal gradient

t time
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Since their investigation is to be conflned to the basic
facts as a working basis, the authors have been fcived
to ulilice @ theorem which, a priori, must be regarded
valid as long as no contradiclory results are reached:
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»No meteorological gquantity can grow beyond all limits®,
The authors are well aware of the makeshifty nature of
this theorem which they are obliged to use due to their
adherence to merely the basie facts.

Particular importance has been attached to the layers of
the maximum and vanishing meridional gradients of the
three atinospheric parameters, p, T and g, which are
connected with one another by the gas equation. For
shortness, those layers have been designated in a way
suggested by E. Miller, viz, incorporating the Greek
terms ,homos“ (denoting one and the same, like), and
wPleistos” (denoting most, the largest quantity),

Hpy  Layer of vanishing meridional pressure gradient
= homobaric layer

P, Layer of maximum meridional pressure gradient
= pleistobaric layer

Hp Layer of vanishing meridional temperature gra-
dient = homothermic layer

Pp  Layer of maximum meridional temperature gra-
dient = pleistothermic layer

Hg  Layer of vanishing meridional density gradient
— homopycnic layer

Po Layer of maximum meridional density gradient
= pleistopyenic layer.

First, only a decrease In temperature from the low to
the high latitudes, caused by differing radiation is as~
sumed to exist on the earth's surface, Tu this basic fact
a number of physical laws in the form of mathematic
equations and qualitative considerations are applied.
These are the equations used:

ap
(1) = —4ge
oz
(hydrostatic equation)
2) p = RTp
{gas equation)
1 3p
® Ve = e —
fo 9y

(equation for the geostruphic wind)

The latter equation represents a wind that Is directed
parallcl to the isobares, that is, the Coriolis force and the
force of the pressure gradient are in a state of cquilib-
rium. Thus, there is no wind component that crosses the
isobares, and, consistently, no transportation of air
masses takes place between the arcas of high pressure
and low pressure, The geostrophic wind is a fictive wind,
now known, to occur in nature very rarely, But as the
wind component that is parallel to the isobares predomi-
nates over the wind component that {s perpendicular to
the isobares, the geostrophic wind represents the real
wind conditions with a high degree of accuracy.

Furlbher, use has been made of the Eulerian equations of
motion.

dv, 1 8p
(4 a) —fvyt vy = — e ——
dt e Ox
dv, 1 9p
b) — 1 fw Bty
dt e Oy
dv; 1 3p
c) =—————9g
dt o Oz

For motion without acceleration, eq. (1) results from
eq. (4c), and eq. (3) from eq. (4b).

This is the socalled Eulerian expansion:

d 3 + 3 + 3
5) —_— =t v, vy —
dt at 9x d 3y
d
+ v, = e vV
9z 3t

Differentiation with respect to z of the gas equation
renders

8
® —— = —— + T —

and differentiation with respect to y renders the meri-
dional gradients

1 3p ar o
M ——— =0 — + T —
R dy dy dy

In establishing the model, the determination of certain
laws has proved necessary from the beginning. The
model includes the deduction of various layers of mar-
ked characteristics (extrem or vanishing value) of the
three quantities, pressure, temperature and density, as
well as of the wind. The situation at a specific altitude
of a layer having the extrem value of the characteristic
»C* frequently brings about the question as to at what
altitude, above or below, the layer showing the extrem
value of the characteristic A (z) C is situated; A (z) being
a factor dependent on the altitude, E. g, there i3 a layer
showing the maximum condition of the meridional pres-

9p
sure gradient T; then, the problem is to flnd the
Y 3
4
altitude of the maximum of — ——. This has led to the
e 9
compilatlon in the next chapter of a number of prelimi-
nary notes regarding those laws.

In view of the considerable amount of calculation that
would have been required to ascertain the absolute
heights of the individual layers, the authors have desist-
cd from stating those, They have conflned themselves to
cxplaining only the relative altitudes of the individual
layers, that is, the succession of these. Although the
considerations invoelved have often been rather difficult,
the authors’ aim throughout has been physical and
mathematical correctness as well as logical proceeding.
They ask the reader's indulgence in case any paralogisms
may have occurred. However, they should be much
obliged if their considerations were used, and continued,
by colleagues.



Chapter 2: Derivation of Relative Positions of Significant Meteorological Levels

In the investigation of pleisto-layers the principal point

of interest is the relative positions of the individual

layers of extreme values. As, mostly, either of the two

factor functions is monotonous (e.g monotonously

decreasing), the question can be given a specific form:
f(z) = Mz) - g(z)

1t is assumed that

d
d—- A (z) z 0 monotonously; A(z), g(z) >0
2

This assumption is justified for the reason that in our
consideration, the accent is put on the mathematical
extremes of the value functions rather than on those
of the functions with regard to the signs. We want to
determine the extreme values, disregarding the signs,
of a function

1(z) = W(z) - g*(z) (f, Mgt 2 0)
Then, the problem can be reduced to that mentioned
above if we assume that
[ 1*2)| = 1(2)
| 2(z)] = A(z)
lgz)| = g(2)
These are the conditions of a maximum of the vertical
distribution of g (2):

I

b

d d*
——g(z) =0 und —g(z) <O
dz dz?

z* be the height of this maximum; z** the required
height where f (z) has 8 maximum. Here,

d d d
—1f(2) = Mz) — g(z) + g(z) — 2(z) =0
dz P dz dz

If ) (z) be a monotonously increasing function (e. & 1/0),
d f(z)/dz = 0 can occur only above z* for the reason
that below this helght, both terms at the right-hand
side of the latter equation have the same sign. The
opposite conditions hold good for a monotonously
decreasing function A (2} (e. 8. 0).

Conditions corresponding to the above can be agsumed
to exist in the case of a minimum, except that here,
dtg(z)/ dzt >0,

A monotonously inoreasing (deoreasing)
factor function (A (z)) causes the maximum
(minimum) of a product function (f (2)) to
be situated above the height of the maxi-
C. I mum (minimum) of the other factor fumo-
tion (g (z)). In the case of “Increasing” snd
“decreasing® changing their parts, the
extreme of f(z) is situated below the ex-
treme of g (2).

Infinitesimal evaluation of course does not provide for
the determination of the real values of the difference
(z**— z*), Theoretically, this can be infinite. It is de-
pendent on the respective characters of the two factor

functions,
*

Some figures in this study are of an unusual appearance
which also need explanation.

An a-level be deflned as a level of constant values of q,
(« being p, T or g). The basis of consideration be the
(y, 2-plane that is, the meridional cross-section, That
p~, T-, and g-level which passes through a specific point
P in the (y, z)-piane, be intersected by this plane. The
tangents at point P to these three intersectional curves
be designated “tracing tangents“. The absolute and
relative slopes of these three tracing tangents (Fig. 1),
permit a number of conclusions to be reached. The con-
clusions resulting from drawing the three tracing tan-
gents at several consecutive points P; of the z-axis are
typical of the physical vertical structure of an aimo-
sphere system. Any meteorological laws that are required
to draw the tracing tangents must be observed in order
not o obtaln conditions that would be physically
impossible.

First, the laws of the relative positions of the tracing
tangents of p, T and g at point P will be deduced. In
this deduction, a theoretic study made by E. Miiiler at
the request of the authors will be used.

Asp, T and ¢ are connected with one another by the egs.
(1) and (2), it is apparent that the tracing tangents
cannot be drawn at choice, but that the slope of any of
them rather depends upon the slopes of the other two.

a be any of the three parameters p, T and o, We are now
interested in the condition of an air column that would
render the slope of the tracing tangent of « to be situated
at point P between the slopes of the other two tracing
tangents. The condition both necessary and sufficient
for this Is that in the a-coordinate system (a being the
vertical coordinate), the signs of the slopes of the other
two lracing tungents are opposite.

The relative slope of a level of constant {3-values to one
of constant a-values is represented by

LN
da -~ (-)y |(l
RN

“da

Iirst, o be substituted for «.
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In the g-system,

ap ar
— 0 R —
3y le d le
- p B T
—_— RT +9R —
do do
arT
ay o 1

ar T

— 14—

do 03T/ dp
The left-hand side of this equation and the fraction
preceding the parenthesis represent the slopes of the

tracing tangents of p and T respectively. To render these
opposite to one another the term within the parenthesis

must be negative, i. e,

e
T T 3z
1+ <oor !+t ———r=
aT p arT
0—— ——
o Jz
1 ar g ar
= e [ — —— — — | <0
oT dz R Jz
82
or
Since g/R is positive, it yields: -a— > 0.
2

In the case of the temperature increasing
with altitude, the tracing tangent of den-
sity 18 the middle one between those per-
taining to P,
Now, « be replaced by p; then the corresponding equa-
tions are as follows:

dp p 3T
Sy lp mr oy |p
._._ac-)__;.f. 1 , ,aT,
o RT  RT* p
or
_37 P 1

"”EF‘( )
— [ o
ap pdr/dp
Again, the parenthesis must be negative:

T
| ——— <0
ar

P

dp
p
T —; goT
| —— = —
p or ar
—_— p —
Jz 3z
1 orT g
- <«—+_)<0
T oz R

The right-hand side cannot be negative unless, first, the

factor a~ preceding the parenthesis is negative and,

2
second, the parenthesis itself remains positive. This
renders

P

R Oz

In the case of the temperature decreasing
with altitude — this decrease however
being lesser than what would correspond
C. 11 to the vertical temperature gradient in the
homogencous atmosphere (— g/R} — the
tracing tangent of pressure is the middle
one between those pertaining to P.

Finally, « be substituted by the temperature.

3p 8o
— RT ——
dy | T dy |T
op o
— Re+ RT—
or
do
3y | T 1

d¢ 0

- 1 ——

ar T 3o/8T
The cquation of condition in respect of the negative
parenthesis now renders

ar
o ¢ Oz
1 — 1+ —
do T Jo
ar Jz
g T ar
— e e
R dz 3z
= <0
g ar
—_ g —
R Jz
This i3 not possible unless
ar g
—_— < — -
oz R

In the case of the temperature decreasing
with height stronger than in the homo-

C.1v geneous atmosphere, the tracing tangent of
tecmperature is the middie one among the
three pertaining to p.

The latter case i{s not applicable in nature; for if this
would be so, air density would have to increase with
height. In the case of the earth's surface being the only
heating level, the condition always is 0 > ﬁ— > ?—
oz R
That means, in the respeetive figures, the level of p must

always be situated between the two others.



In Figures 2, 6, .0, 13, the projections upon the (y, 2)-
plane of the vectors Vp, VT and Ve at point Py are
represented by arrows which are perpendicular to the
tracing tangents. Because of the omission of quantitative
considerations, the lengths of those arrows do not mat-
ter; it is only their relative directions as to one another,
and as to the z-axis, that do count, ’

The arrows point in the direction of growing values. An
arrow pointing to the lower left thus indicates an in-
crease of the respective parameter downwards and
towards lower latitudes. Emphasis is put on those levels
in which any of the arrows coincides with the z-axis.
thus indicating a level of vanishing values of the meri-
dional gradient.

Part a of the Figures .0 and 13 illustrates the vertical
dp 2ar e

distribution of ——, ——, ——, {which for shortness arc
8y &8y 3dy

in our study called ,meridional gradients®), though not

the real value, but one multiplied by some factor. Eq. (7)

1 dp ~ ar do

—_—— = p—— 4+ T —
R 0oy dy dy

furnishes a relationship which must be taken into ac-
count at any altitude when plotting the figures. Yet this
relationship facilitates rather than impairs the drawing
of the lines. E.g. if the p-curve passes through zero,
(8p/ 3y = 0), the T- and g~curves must at this height be
at an equal distance In opposite directions, from the
z-axis. In the case of the p-curve intersecting any of the
other two curves, the remaining one must pass through

zero, In order that the aid offered by those “laws“ may
not be neglected, the factors of eq. (7) have been retained.
The disadvantage of doing so is that the layers of ex-
treme values of the products change thelr altitudes as
against the layers of extreme gradients, However, this
does not matter greatly since the absolute heights have
been paid no attention {o.

Since, considering the rapid decrease of p and p with
height, the distances from the z-axis of the curves would
be very small in the upper parts of the figures, the cur~
ves have been plotted in such a way as though all the
gradients had once more been multiplied by 1/g. The

curves, thus, represent the approximate vertical distri-
1 8 9T T &p
bution of

Ro 3y 3y o 9y
The Figures g, 13, 21, 1§, 19 show the appertaining
system of circulation, the branches of same consisting of

the nongeostrophie horizontal and of the vertical move-
ments.

In the colored representation, the symbols in respect of
pressure, temperature and density are shown as follows:

pressure yellow
temperature red
density blue

In the one-color representation, these are illustrated as
follows:

pressure solid line
temperature dotted line
density dashed line

1
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Il The Earth’s Surface as a Heating Level

Chapter 3: The Homopycnic Layer and the Wagner-Linke-Layer

It is known that on the surface of the earth there is a
temperature gradient that is directed from north to
south, i, e, of negative sign. Assuming the earth's surface
to be the only heating level, the conclusion that can so
far be drawn is that its effect will decrease with height
and thatl al a certain, very high altitude, the respeclive
meridional gradlents of pressure, temperature and
density will be zero.

No statement can be made as yet regarding the meridio-
nal pressure gradient that exists on the earth's surface,
dpo/3y; what we do know, is the situation at higher
levels. The stronger radiation that prevails in lower
latitudes causes the constant pressure levels to rise.
With increase in height the pressure difference between
low and high latitudes will rise; its increase weakening
as the height increases, since according to the basic
facts, the difference in temperature between the high
and the low latitudes dccreases with height. This
pressure gradient above the surface of the carth causes
west wind as per eq. (3).

Earlier meteorologic papers try to explain the develop-
ment of a low-pressure area in this way: A certain part
of the earth's surface is subject to intensified radlation,
so the constant pressure levels will rise, with the alr
aloft flowing off this ‘alr mountain’, and the resulting
mass deficiency consistently causing the pressure on the
carth's surface to drop.

No consideration has in that theory been given to the
Coriolis force, which holds together the alr pressure
systems and thus does not allow the air aloft to flow off
towards lower pressure. It is not clarified in how far
thesc conditions apply to the equatorial regions where
the Coriolis force is non-cxistent, and also for this
rcason the deduced model s limited to the nontropical
laliludes,

It seems necessary in this connection to raise the
problem of the possibility of levels of extreme or
disappearing gradients of the meteorological parameters
developing at any altitude. This requires the signs of the
surface gradients from eq. (7) to be evaluated. For it is
its sign near the surface that determines to which ex-
treme condition — maximum or minimum — any of
those gradients may go at a specified altitude.

3T,/ dy is assumed to be negative. No statemen’, can so
far be made relative to the pressure gradient on the

12

earth's surface, dpo/dy. As long as no result can be
obtained that would render dp,/dy # 0, the hypothesis
used hereunder is Opo/dy = 0. So, due to eq. (7),
Jdp/3y must be positive on the earth's surface,

The statement — so far not definitely proved — that air
density on the earth‘s surface is increasing poleward
from the lower latitudes allows an important conclusion
to be drawn if considered in connection with eq. (1)

There must be a specific height at which the meridional
gradient of density fades. This shall be worked out.

From eq. (1), (2) and (8) the following can be derived:
(8 9 e < g >
e £ e — —+ ¥y

where y = vertical temperature gradient 37/3z, to be
independent of z.

Assuming a constant mean temperature 7', (an operation
analogous to the finding of the barometric height for-
mula), the foregoing equation can be integrated as
follows:

® 1 g
Ing=Inpp——| — +y z
" R

where p, = air density on the carth's surface.

Assigning to the variables of this equation subscript 1
for the warm air in the south and subscript 2 for the
cold air in the north, and claiming the densities of warm
air and cold alr to be equal at the required altitude
z = h, In o1 = Ing;, the result is

(10) w2
o0

1 g 1 g '
=t - — ko
Tm, \ R Tmy \ R

This is the altitude of the layer of a theoretically vanish~
ing meridional density gradient (homopynic layer), and
its value is positive on the assumption that g, is larger
in high latitudes than in low.

z=h

In 1619 F. Linke [1] derived a formula for a layer of
theoretically vanishing changes of density, which had
been found alrcady 8 years earlier by A. Wagner when
he studied the height of the maximum interdiurnal
pressure changes [2]. Linke's suppositions were:

ope

ot

y
=0; T=Tn+—h*
2



(where Ty, = mean temperature between surface and
height h*, y = 3T/ 32).

With 3g,/3Tm equal to 0, he found the height of the

required layer to he
R Tm'
h! =

.

gT
It is desirable to ascertain the relationship that holds
between eq. (10) and that derived by Linke.

In Linke's derivation, p, is assumed to be constant, i. e,
001 To2

002 Tor
When using the A-symbol (showing the difference)
instead of the subscripts 1 and 2, eq. (10) results to be

(102) In <1 w BT )
]
h=

1 (g 1 g
—_—| =ty |- =+ + Ay
Tw \ R Tm+ ATn R
The logarithm is developed in a series and discontinued
after the 1st ferm. Assuming Ay to be equal to 0:
ATo
To

1 g Tm
—_— —ty ! — ——
Ty R Tw -+ ATw

The last bottom factor can be transformed since

A T”l

i

(10b) h

T 1 ( AT )
f—rr———— = —| 1 —
ATy Tm
1+
Tm
Then it follows
ATU ¢ Tm
h=
g ATa
Tol —+p
R T”l

QPO —— %

With Ay = 0, the result is AT, = ATwn, and the
following equation is obtained:

ng

g
To (-——+y )
R

The latter is the form of the equation as derived by
Linke originally [1], and expanded by y. While eq. (10) is
more complicated than Linke‘s derivative, it is of a more
comprehensive nature,

(10¢, h=

In a later publication [3] Linke called attention to a note
by F.M. Exner saying that instead of using the mean
temperature it would be more accurate to use the poly-
trope statement I = T, — yz (» = conslant), which
would render the height of the Wagner-Linke-layer to be

RTo
) h¥* = —

g

that is, the height of the socalled homogeneous atmo-
sphere, an imaginary atmosphere having constant air
density with y = —3.4°C/100m,

We feel, however, that particularly when comparing
warm and cold air, it would be of havier consequence
to adopt the same 8T/9z for both warm and cold air,
than to use two mean temperatures, and we therefore
have applied Linke‘s 1st formula for comparison pur-
poses.

From eq. (10) it appears that the lower (the higher) the
homopycnic layer, the greater (the lesser) will be the
differences between the mecan temperatures of warm
and cold air, The altitude of the layer is higher with
absolutely higher temperatures (summer) than it is with
absolutely lower temperatures (winter). Duc to these
two mutually independent influences on the height of
the homopyenic layer, an altitude of minimum temporal

mae o —— —— — o S S o

_-—--.Hp

Fig. 1: Vertical decrease of density at high and low latitudes and the humopycuic layer
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density variations will result in the temporal mecan at a

specified location.

1f density near the eurth's surface were lower in the

polar region than in the low latitudes, i. e, if gp; were

greater than ggs, In pgr/ge2 would be positive, with a

negative altilude being obtained for the homopycnic
1 1

- <0
Tmy Tm,

Thus, the homopycnic layer does not exist but on the
assurnption that density over the polar region is higher
than over the low latitudes, which in turn arose from
using statement Opo/ 3y = 0.

layer (Fig. 1) because of

14

This enta

Clb

If air density on the earth's surface is higher
over the polar region than over the warmer,
lower latitudes, there will be a layer of
theoretically vanishing meridional density
gradient (homopycnie layer), whose height
is found by means of equation (10).

ils another conclusion, viz.,

On the basis of the assumptions used here,
{the mean vertical decrease in air density is
stronger over the polar region than over the

jower latitudes (Fig. 1a).




density variations will result in the temporal mean at a
specified location.

If density near the earth's surface were lower in the
polar region than in the low latitudes, i, e., if gor were
greater than gs2, In 901/ 0e2 would be positive, with a
negative altitude bteing obtained for the homopycnic

1 1
layer (Fig. 1) because of

Tmy Tm,;
Thus, the homopycnic layer does not cxist but on the
assumption that density over the polar region is higher
than over the low latitudes, which in turn arose from
using statement 9p,/dy = 0.
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1f air density on the earth‘s surface is higher
over the polar reglon than over the warmer,
lower latitudes, there will be a layer of
theoretically vanishing meridional density
gradicnt (homopycenice layer), whose height
is found by means of equation (10),

This entails another conclusion, viz.,

On the basls of the assumptions used here,
the mean vertical decrease In air density is
stronger over the polar region than over the
lower latitudes (Fig.1:).
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Chapter 4: The 'Null' Layer

The sign of dp,/dy will now be considered, and a dig-
ression is necessary for this purpose. Our first approach
is to find out the possibility of an extreme condition of
3p/ dy occurring at a sperified altitude. Such an extreme
would have to be a maximum on the basis of eq. (1),
according to which the decrease of pressure with height
takes place at a faster rate in the heavier air over the
high latitudes than over the low ones.

A maximum of the meridional pressure gradient in its

32
vertical distribution is given by ? = 0, and using
3z 8y
eq. (1) the following is obtained:
p ap 3¢
(12) == —g—(=0)
3z dy 3y 3z dy

dp/dy = 0 representing the definition of the homopyc~
nic layer (and frequently to be abbreviated Hg in the
following). This relation was shown earlier by Doporto
[4] in his excellent study on the matter.

There i3 a Iayer of maximum meridional
C.2: pressure gradient (pleistoi.aric layer) at the
altitude of the homopyecnic layer.

Calculation shows these two layers to occupy exactly
the same height. It must, however, be considered that
the hydrostatic equation (1) used in the operation is
correct only relative to movements without acceleration
(left-hand side of eq. (4c) = 0). Conscquently, there may
in a particular casc be an extremely small difference in
height between the two layers which will be disregarded
in the below analysis.
Derived from the pressure fleld, the gradientic wind
must have an extreme value above the extreme of the
pressure gradient, Differentiating eq. (3) with respect
to z shows:

v, 1 3 3p 1 3p g
(13) ——':-———~—-( )+

Jdz fo Bz dy
It appears that the height difference between the two
layers is caused by the 2nd term of eq. (13), right-hand
side. Above the layer of maximum (negative) dp/3dy, the
first term is minus, dp/ 8y now decreasing with Increas-
ing height. Both dp/ 8z and 9p/ 8y being negative, the
2nd term remains positive in both cases. For an extreme
of the gradientic wind, eq. (13) will become zero, this
being possible only above the layer of maximum
pressurc gradient where both terms arc of opposite
signs. It would be thinkable indeed, that this layer of
maximum winds will not be reached until very high
altitudes of the atmosphere, But the following consi-
derations show, that this layer has to be situated not too

far away from the heating level: Based on the decisions
hitherto the earth’ surface represents a level of constant

pressure, whereas the isothermic levels show the
strongest slope there. With increasing altitude the slope
of the p-levels increases, but that of the T-levels
decreases.

Whereas the behaviour of the p-levels already have been
explained at the beginning of chapter 3, it seems to be
necessary to give a short consideration on the slope of
T-levels. As is well known the slope of this level is given
by

Now we want to regard the behaviour of the terms on
the right side of this equation in their dependency on
the height. On the earth* surface 3T/8y is determined
by the basic facts. The action of the vertical ,Aus-
tausch” (mixing of the air) aspires to a constant (nega-~
tive) vertical temperature gradient above a fixed place.
The value of this vertical temperature decrease mainly
is a function ol the temperature of the earth‘ surface.
Conscquently the vertical temperature gradient increa-
ses towards lower latitudes thus, with nearly constant
local 3T/ 3z, 3T/ dy decreases with increasing altitude
and therewith the slope of the temperature levels
weakens, Due to the turn of the p- and T-level, not too
far away from the heating level finally this levels will
be parallel, which, as it will be shown later, represents
a maximum of the zonal wind,

Above the layer of maximum meridional
bressure gradient (pleistobaric layer) there
must be a layer of maximum gradientic
winds.

C. 3:

In fact this conclusion is obvious from eq. (3) since o(2)
decreases with height, and it is indicated also by the
preliminary notes of Chapter 2.

Basing on the existence of a layer of maximum winds —
when 1t is not yet determined whether or not the maxi-
mum of the real wind occurs at exactly the same altitude
as that of the gradientie wind — other conclusions can
be reached,

Usc of cq. (12) transforms cq. (13) to

Ov; 1 (Gp O Sp Oy )

(13 a) —_— T
8z Jo?

(Vp X Vo) z-comp.
fot

Then, using eq. (14)
19 (VT X Vp) =p(VT X Vo] = T(Vp X Vo)
we obtain the expression as it has been shown earlier
by W. Attmannspacher (8], viz,,

Sve R
(15) = —— (VT X VD) s-comp.

oz Ip
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That is to say, the zonal wind (that along the x-axis)
will reach an extreme value (here, &« maximum) at that
altitude at which the projections on the (y, 2)-plane of
the three-dimensional vectors of temperature, pressure
and density are parallel, As has been shown in the
above-cited study, the wind extreme is persistent only
if the vectorial product of the three-dimensional gra-
dients is zero, It is seen, thervelore, that the layer of the
persistent wind extreme is a barotropic (thermotropic
and stereotropic) level, which result has been found also
by G. Holimann [6] independently of W. Attmannspacher.

This allows an essential conclusion to be drawn in
respect of the large-scale vertical motion, and for this
purpose, we shall briefly reproduce the considerations
given in [5].

Practically adiabatic conditions can be assumed to occur
in the free atmosphere. To deduce the large-scale ver-
tical motion, the operation is started from the Firsi Law
of Thermodynamics:

dQ dT 1 dp
(16) —_— Oy — — — ——
dt dt o dl

whaere ¢, = speciflc heat for p = constant.
dQ T op

For adiabatic |— = 0 |, stationary [ — = ——+:0
dt o

conditions without friction eq. (16) is reduced to
1 !
amn v (c,, VT ——¥p ) A/ (cp Vil ——Vaip )

0 ¢
ar 1 ap

1 vy | cp———— 0
3

z o 8z

Finally, this equation is solved for v,, giving conside-
ration to eq. (4):

(18) Ve = - - ( aT g )
—
ef dz cp

. g
. (VT X N/D) zcomp.i ([‘ = ——')

T
g/( I l')
dz

When not disregarding lv; in the x-component of Euler's
equation, an additional term is obtained in the deno-
minator of the forcgoing cq. (18), which can be disre-
garded for nontropical latitudes.

Because of the parallelity of the three-dimensional gra-
dients eq. (15) and (18) render the following, cssential
conclusion:

In the layer of the persistent wind maxi-
mum the largescale vertical motion is zero,

C.4:

The vectors Y7 and /p used by W, Attmannspacher will
now be conlemplated, Vp (directed downward) stands
nearly perpendicular because the vertical pressure
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gradient is much larger than the horizontal, and it tends
slightly to the lower latitudes because 3p/3dy is nega-
tive above the carth's surface. A somewhal stronger
inclination of the temperature gradient, VT, to the
sume direction occurs as long as the wind increases
with height. In the layer of vanishing large-scale ver-
tical motion VYT is parallel to {/p, whereas below, it
turns toward Vp with increase in height. But since Vp
is not exactly perpendicular, the meridional tempera-
ture gradient cannot be zero where V7 is parallel to Vp.
The conditions in the (y, z)-plane, which are representa-
tive of variations in the zonal wind, are suggested by
Fig. 2. It will be seen, it is only somewhat above the

F4

Fig. 2: Null layer and appertaining homopyenic layer
@r/oz <0)

layer of maximum wind that 87/3y becomes zero and
changes its sign, There is only a very small deviation
from the vertical axis of Vp, and the height of the
vanishing meridional temperature gradient will there-
fore be only a little above thai of the wind maximum
layer.

The layer of maximum winds where the
large secale vertical motion becomes zero is
the Null layer, found by H. Faust [7].

C.5. Slightly above the Null layer its corre-
sponding layer of meridional temperature
balance (3T/dy = 0; homothermic layer)
is situated,

When defining layers of vanishing meridional isobarle
gradients that are analogous to the homothermie respece-
tively homopycaic layer found in the z-system, it is seen
that in the p-syswem, those aie coincident with the Null
fayer which is already known to be barotropic, In other
words, while the p-system shows only one layer, the



z-system has been found to include the following three
layers, listed from high to low altitude: ¢

ar
Homothermic layer — =0
9y
Null layer (VT X Vp = 0}

Homopypnic layer (_ﬁ = 0 max of — S_p-)
resp. pleistobaric layer 3y ' 3y

It must he recalled that this is not a fact commonly
noted in practical metcorological work, which is almost
exclusively restricted to using the p-system.

A vpersistent wind maximum (Null layer) requires
3T/ 3y to change its sign closely above, From a theore-
tical point of view this may happen to occur on account
of a layer originated from radiation and situated above
the Null layer. Without investigating the physical
possibilities of such a layer realizing, we see it is not
necessary to introduce it in our model, as the adiabatic
temperature changes that are due to the deduced ver-
tical motion arc considered to provide sufficient expla-
nation,

The layer, 3T/3y = 0, that the meridional temperature
gradient changes its sign in, has been found to represent
the first remarkable deviation from the working hypo-
thesis (decreasing 8T /8y with allitude, see p. 5) adopted
herein due to the basic suppositions. The working hypo-
thesis will in the following be replaced by the deviation
derived above. *

If there is above the earth's surface warm alr in areas
of’\high pressure and cold air in thosc of low pressure

(]
(—a—- = (), the differences in horizontal pressure grows

with increasing height (until reaching the altitude of the
homaopyenic layer), and the resulting wind extreme is a
west wind maximum. Above it, the isobaric temperaturc
distribution must become inverse, since otherwise no
wind extreme would come into existence.

Any persistent wind extreme layer will in
the p-system be accompanied by a charac-
teristic temperature distribution (quartered
temperature field) which will be prevalent
C.8 also in the z-system provided that the tem-
perature changes caused by the veriical
motion predominate over the decreasing
temperature differences caused by the
heating level.

Theoretically, there may be a persistent wind extreme
showing a quartered temperature field in the p-system
(but not in the z-system); however, this is not very
likely because the angular difference between k (ver-
tical unit vector) and — Vp is very small. Such case will
not he considered in the following discussions.

It has been shown that it is only the vertical motion that
accounts for the maintenance of such a temperature

distribution. So, if there is a persistent wind maximum,
high pressure must be connected with descending motion
and low pressure with ascending motion underneath it.
Continuity reasons lead to the conclusion that there is a
flow of air masses from low to high pressure area in the
layer of the persistent maximum wind. For its discre-
pancy against the equation of gradientic winds, (3), that
flow of air masses is called 'nongradientic’.

In the Null layer, a nongradientic flow of
c1 air masses takes place from the high to the
low latitudes (Null layer effect).

Here again, it is important to note another fact. The
vertical motion whose occurrence has been found to be
necessary, will according to eq. (18) exist only on the
assumption that 3T/9x and Op/dx are not simultan-
cously equal to zero. That means, however, that the
straighily uniform zonal conditions are departed from,
as the x-direclion is defined as being west-east. Thus,
derivatives with respect to x show other values than
zero only if the isolines of the respective meteorological
paramceters are not parallel to the latitudes (distur-
bances).

In setting up a model of the atmosphere this paper has
50 far been concerned only with mean conditions as used
to describe the general circulation of the atmosphere.
Disturbances of the general circulation, that is, the high~
pressure and low-pressure areas, which are negligible in
the average, have not been taken into account, Howcever,
as deduced by other authors earlier, it has been found
heve that the mean general circulation — although only
a part of it has so far been deduced — cannot be main-
tained but by departure from the average conditions,
that is to say, by the disturbances.

Disturbances of the mean generai circu-
C.8 lation are necessary for the maintenance of
this mean circulation.

*

The foregoing results have been based on the assumption
that the pressure gradicent is equal to zero on the earth's
surface, other weil-based assumptions not having been
available. A modiflcation will now be required:

‘The nongradientic flow of air masses from
thc low-pressure area (polar region) to the
high-pressure area (low latitudes) that
takes place at the height of the Null layer
Cc.g will cause air pressure on the earth's sur-
face to drop in the polar region and to rise
in the low latitudes. In the mean, west
winds will consequently arise on the earth's
surface,

The flow of air masses taking place at the height of the
Null layer from the polar region to the lower latitudes
must be compensated at another height because other-
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wise, the meridional pressure gradlent would increase
steadily. The discussion of this requires another basic
fact to be employed which has not as yet been used, viz.,
the friction of the air on the earth's surface, which
increases with the wind speed. This friction causes the
actual wind speed to become subgradientic, that is,
lower than the speed obtained from the gradientic wind
equation (3). The stronger the friction (the higher the
wind speed), the more subgradientic the wind will
become,
The Coriolis force which under stationary, frictionless
conditions balances the meridional pressure gradient,
weakens on the existence of friction, so that the wind
near the surface has a component toward low pressure
(polar region),
Subgradientic winds will near the earth's
surface cause & flow of air musses to take
C. 10 place from the low latitudes towards the
polar region. This flow decreases with
altitude.

Air masses in the Null layer flowing toward high
pressure, the wind in this layer, must be supergradien-
tic, that is, its speed must be higher than would corres-
pond to eq. (3) (gradientic wind equation). T'his flow of
air masses toward high pressure decreases with in~
creasing distance from the Null layer.

Between the earth‘s surface and the Null
layer, there must be a layer where no flow
of air masses takes place beiween high-
pressure and low-pressure areas, i, e., where
gradientic winds prevail (socalled level of
non-divergence).

c1

It is also noteworthy that the opposite flows of air
masses near the ground and in the Null layer are not
always of the same value. First, there may be other
nongradientic flows of air masses at higher altitudes and
second, those may temporarily predominate over one
another, causing the meridional pressure gradient to
change. Such occurrence will not, however, prevail over
o long period. If the predominant flow is that at the
height of the Null layer (Null layer cffcct), stronger
west winds will arise and owing to the heavier surface
friction causc the flow near the ground fowards the
polar region to be stronger and of a balancing nature,
and vice versa.

The Null layer effect causes the air masses to be trans-
ported to the low latitudes where the surface pressure
must necessarily risc since it is representative of the
welght of the whole of the air masses above the ground.
In spite of the fact that due to surface friction the air
masses flow towards the polar region, the surface
pressure remains high. This is for the following reason.

A flow caused by surface friction and going towards low
pressure, near the ground, cannot takc placc unless
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there is low pressure on the ground; pressure differen-
ces must have been caused by Null layer effect before
the flow can start.

The Null layer effect maintains a surfuce
c.12 pressure gradient which is directed from the
low to the high latitudes (8po/dy < 0).

The foregoing statements that have been reached on the
assumption that 9py/3y = 0 will in the below chapters
be subjected to examination as to whether they will hold
true also for dp,/dy =+ 0. We may anticipate that in the
case of Ipp/ 3y < 0 no changes will arise in respect of
the conclusions relative to the Null layer.

The supposition that air density on the surface is higher
in the polar region than in the low latitudes is based on
the working hypothesis as to the nonexistence of a meri-
dional pressure gradient on the earth’s surface, But we
have found that ps/dy is not equal to zero, and is
negative. Both the left-hand side of eq. (7) and the first
right-hand term of ii are therefore negative (the latter
in accordance with the basic facts). So, no conclusion is
possible regarding the sign of dg,/dy.

A proof of the existence of a positive, meridional den-
sity gradient on the earth's surface would thus be ne-
cessary (and in fact sufficient) to convey a proof of the
conclusions made relative to the homopyenic layer.

In the low latitudes, the increase in pressure caused by
the Null layer effeet will in turn cause density to
increase, and the increase in temperature caused by the
descending  vertical motion will cause density to
decre:oe; analegous conditions apply to the polar region,
vice versa. This does not prove whether it is the tem-
perature or the pressure that has a predominant effect
upon air density near the ground. The following consi-
deration, too, cannot answer this question.

If we assume the effect of the temperature to predomi-
nate with respect to air densily, go will be smaller in
low latitudes than in high, which in turn would confirm
what was sald in the carlier deductions. But if we assu~
me the pressure to have a greater effect on density than
the temperature has, go will e larger in low latitudes
than in high. No pleistobaric layer, and on the basis of
the above conclusion, no Null layer would be provided.
Further, dpy/ Iy would result to be zere which wouid
render higher values of pp in the polar region (eq. (5)).
The sccond assumption seems coniradictory and only
the first is left for operation.

There are, howcever, additional factors which have to be
taken into account. It is not without the additional proof
that no Null layer can exist without the homopyenic
layer that the above consideration is correct, and to
clarify this point, a number of othoer facts will have to
be considered below,




Chapter 5: The Meridional Gradients of Air Pressure, Temperature and Density

Employing cq. (12)

(12) ‘
d2p 8 ( p ) g (917 p 37‘)
= —_— g — e 2 e e | ——— ——_—
3z 3y dy \ RT RT \ 3y T dy

we want to determine what is the condition of dp/dy
rising with height. In this event, the right-hand side of
eq. (12) must be negative (since dp/dy < 0). The be-
havior, with height, of the meridional pressure gradient
results to be

an increase
constant if 19) — — = — —,
a decrease

This nonequation will be of considerable importance in
the following investigations. As yet no contradiction has
arisen to it. Both the gradients are negative, that means,
if 3p/dy is to increase with height, the relative gra-
dient of temperature has to be larger ahsolutely than
the rclative gradient of pressure,

The denominator of eq. (3) (gradientic wind equation)
includes the term o, Since 1/¢ increases with height,
the wind speed must needs increase with height also in
the event of the meridicnal pressure gradient keeping
constant, It can be further concluded that there may
cven be a slightly decrcasing meridional pressure gra-
dient with height, while notwithstanding the wind speed
increases with height. The point therefore is to which
oxtenl — 3p /3y has to decrease with height so as to
preclude the occurrence of a wind maximum, This is the
case if

z ﬁb—//_: 3z dy ¢ Oy 9z
remains negative, v, then, stcadily decreasing with
increasing height. The term cenclosed by parenthescs
must therefore be positive, that ig,
32p 1 Op 0o

>

v, 1 ( a2p 1 8p Ge)
(13)

(20)

8z 8y n By 0z

(Condition of wind speced decrcasing with increasing
height),

Both 39/3z and 8p /8y being negative renders none-
quation (20) positive at the right hand, viz, A > 0. The
opposite nonequality sign in noneguation (20) represents
an increase of wind speed with height; and finally, in
the casc of 32p/ 9z dy <0, which is identical with the
upper nonequality sign in (19), even the meridional
pressure gradient increases with height. When referring
the foregoing considerations to cach point of an alr
columnn, three possible cases arc obtained, viz.,

2p
) — > A

As long as this condition pre-
9z dy

vails, both wind speed and
horizontal pressure gradient
are decreasing with increase in
height., Wind speed passes
through zero (level of pressure
equalization = homobariclayer)
to increase in the opposite di-
rection, which mathematically
represents a change to negative
values,

d2p

I) A>——>0: Wind speed increasing, whereas

8z 8y horizontal pressure gradient

decreasing with height.
2p
Iy ——<o

Both wind speed and horizontal
9z dy

pressure gradient Increasing
with height.

For each of these cases (for case I, however, only up to
the level of pressure equalization), it is 3p /8y <0,
8% e

=g —

9z dy dy

which renders 8p/ dy strongly negative for case I,
slightly negative for case II,
positive for case III.

It has been shown that

In casc I, the sign of Jp/dy is equnl to the sign of
dp/3y. The required term is the sign of 3T/3y. Intro-
ducing cq. (7) and (i) in nonequation (i19) gives the
following:

dp Qo ap
9z 3dy Ty
or
1 Jdp op o Op ar dp do
RT 8z dy T 8z 3y ~ dy oz
op (1 3 3 dp or
e S ETEs
dy \ R 3z dz 9z dy
ar
0 —
Jz

This furnishes two solutions for 8T/ 3y:

Ia) 3T/3y >0 (unlimited value)

or
ar a2z dp
o) 0> —— > —_
dy 9 9y
3z
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Use of cq. (7) shows the following behavior of do/ dy:

3 -9 [ ) 1 9
Case la: ——Q-<9——[)-, __(1_ __f-
% p e 9y p O
d¢
3 P
Case Ib: Si«<_e_< : _.p_
p 9y dy ap By
9z

the right-hand term of the latter double nonequation
representing the left-hand term of the nonecquation of
definition of case II. Hence, case I, where both wind
speed and pressure gradient decrease with height, must
be divided into two separate cases.

p do T
Cuase Ia: sign — = sign —— & sign —
9y dy 8y
Sp do ar
Case Ib: sign —— = sign — — = sign —
9y dy dy

In casc II, where increasing wind speed is accompanied
by decreasing — dp/ 08y with height, the following is
obtained:

1 3p do

<

o dy @ T g dy
which by the use of eq. (7) ylelds

RT 3o 3o 3y 3p AT
+ R

>0

g
o 8z By do 3z Oy 8y

=l

Since ga— < 0 satisfies both cases I and II, the
Y

second nonequality sign can be ignored.

The factor by which 3p/dy is to be multiplied is
RT ar
g + —— —— which can also be written — R ——.
0 9z o2
Hence,

The first three terms being negative, 9T/8y must be
negative, too. Analogous to case Ib, the expression thus
obtained for case II is:
) ap o ) ar
sign ay sign ay sign Gy'
3T/ dy must, however, be stronger negative In case 1I
than in case 1, viz,
or
T dz do
—_ (left-hand limit; Fig.3)
Jy do dy
oz
This nonequation may be expressed by the parameters
T and p (use of eq. (T):

T 1 arf1 dp oT
aT 792— 2o ;—87‘(;?_9 8)
7’;<TTYI— 1 /1 8p ar \
0z F(EE_Q—:;T)
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Then, after multiplication by the negatlve denominator
and consequent reversion of the nonequality sign, the
result is:

aT (1 3dp ar oT 1 ar op
—_—f——_— 0 —— - ] —_—— —
dy \R 9z oz 9z R 9z &y
or aT
or 9 8z
—
dy ay ap
8z

The last nonequation and the last but two, which com-
pares 3T/dy with 8¢/3y, must not lead to the conclu-
sion that their right-hand sides are mutually equal. It
must not be disregarded that 8T/ 38y is implicit in both
of these, If this were not so, a relation representing
barotropic conditions would be obtained.

We must, however, now consider nonequation (19) which
says that 8T/3y cannot be of unlimited value. Case II,
where there still is a decreasing pressure gradient with
height, shows the following:

ar T Op

dy p 8y
which sets a limit for 8T/ 3y with respect to the other
side. Hence, the limits for case II can be written as
follows:

(right-hand limit; Fig. 3)

ar
T 3p aT 9z dp
< —_
p Oy dy dp oy
0z

As for case III, where wind speed as well as pressure
gradient are Increasing with increasing height,

do
—yq 3—— < 0. 8p/dy being less than zero, 3T/0y must
Y

be negative due to cq. (7), and as a consequence, the
condition in case III is that

op T dp

sign — = sign —— == sign —.

dy dy dy

Eq. (7) requires 8T/dy to be stronger negative than
T 3

— — ——, which again, since dp/ dy must keep minus,

¢ Oy
yiclds noncauation (18).
oT T dp
e e ——
 p ¥

Hence, the strongest negative value of 3T/ 3y is reached
in case IIIL
Investigation, in the z-system, of the ver-
tical profiles of the meridional pressure
C.13 gradient and of the secalar wind provides
four substantially different scts of the
meridional gradients of p, ¢ and T.

For complement‘s sake another method is shown below
by which to obtain the same results.
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The alternatives of the wind speed increasing and de-
creasing with height be defined by eq. (13a) and (15),
wherein dv./ 3z is expressed in the (T, p) and (o, p) form
respectively. This gives the same limits for 9T/3dy and
dp/ 0y, as those deduced above. If in these equations
3dT/dy and §¢/3y are alternately made equal to zero,
it appears that 8T/dy == 0 can occur only in the event
of decreasing wind speed with height, while 3¢/3y =0
can occur only in the event of increasing wind speed
with height.

Below are presented the conditions necessary, and suffi~
cient, for each of the four sets occurring. The relations
of the signs as well as the nonequations having the
absolute value signs, are independent of the direction
of the y-axis. The respective nonequations shown be-
neath apply to neg. dp/3dy. Fig 3 presents the results
in another form, The nonequation system (21—24) as
well as Figure 3 hold for negative value of the vertical
temperature gradient only. (Regarding positive vertical
temperature gradient see page 38.)

Definition Equations for the four Sets (37/9z < 0)

Set Ta
p deo aT
21) sign —— = sign ~—— & sign —
dy dy dy
op 3o or
— <0 — <0, — >0
dy dy dy
Set 1b
dp dp aT
(22) sign —— = sign — = sign ——
dy dy dy
| o7
aT 3z 3p
dy ap dy
oz
do
p o 8p 3o _3; p
d  p 3y 9y ap By’
ar oz
N
0> o> 2 P
dy op 9y
z

Set It
p dp ar
(23) sign ~—— = sign —— = gign ——
dy dy Sy
T
8z ap ar| T |%]
dp 9y dy playl
| Oz i
ap
3 _3; 9 do
g 22 oy
dy o a2z dy
9z
T
T 3 9T 9z 4p
p dy dy 3p dy
dz
Set III
ap ; ar ; do
(24) sign —— = sign — 4= sign —
dy dy 1 dy
op ar o
—_—<0 — <0, — >0
dy dy Y
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Chapter 6: The Meteorological Interpretation of the Results Deduced in Chapter 5

Any point in the atmosphere can be characterized by the
sets being deduced in the previous chapter. For mean
conditions in the atmosphere justly continual conditions
can be assumed, thus each set has to show a definite
vertical range of validity. Based on the physical connec~
tions between the particular meteorological fleld func~
tions and their derivates a systematical vertical sequence
of the set ranges is resulting, as it will be shown in
chapter 12.

The set adjoining directly on the heating level (earth‘s
surface) in case of undisturbed conditions and introd-
ucing this sequence will be called “bottom set* for the
purpose of marking the condition of the atmosphere,

In set Ia the higher temperature is accompanied by low
pressure, this is not consistent with our basic facts if
this set adjoins on the earth's surface,

Bottom set Ia cannot be realized for mean

C.14 conditions.

Particular attention should, however be paid to sets Ib
and II, They have no equivalent in the p-system which
i3 almost exclusively used in meteorology. Deductions
analogous to that of chapter 5 would only yield 2 sets
in the p-system being formally equivalent to the sets
In and III with meridional gradients formed within
constant pressure levels. In this case density is a func-
tion of the temperature only and its gradient is contrart-
1y to the meridional temperature gradient; therefore one
distinctive mark vanishes. Conscquently the sets Ib and
Ia could not be separated unless by means of the geo-
potential ¢ (= g z), sets II and III could not separated

either.
Bottom set Ib represents a warm high

pressure area and a cold low pressure area

C. 15 respectively, with wind speed decreasing
with helight. Consequently it cannot be
realized for mean conditions.

Bottom sel Ib docs not provide a Null layer and causes
the pressure differences to equilize, thus leading again
to the prerequisites to the development of sets II or III.

In respeet of the sets Ib and I, where the meridional
pressure gradient deereases with height, another essen-
tial conclusion may be drawn:
In the sefs Ib and II the deorease {n pres-
C. 186 sure with increasing altitude takes place at
a faster rate in warm air than in cold air.

This cannot be directly inferred from the p-system and
therefore may appear strange. The decrease of pressure
with height can be derived from eq. (1) (hydrostatic
equation), and so is proportional to the air density: in
the sets Ib and II, warm air shows higher density. Not
being directly apparent in the p-systern, it is not surpris-
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ing, then, that these cases are not known from synop-
tical experience.

The above would show that merely the scts II and III
on the earth's surface can be used for further study in
establishing an atmospheric model of the extratropical
latitudes, which at first is naturally restricted to average
conditions. Later studies may show if the sets Ia and Ib
are being important for unstationary conditions near the
surface. Just the remaining sets leave open the problem
arisen at the end of chapter 4: set II requires the meri-
dional density gradient to be negative, while set III
requires it to be positive, Set III has been used as a
working hypothesis.

The difference between set II and set 1II is as follows:

1 1 8T
(9) - Z -
p oy T 9y oT | set
1 3, - 1 T I
resp. — i é —_ [ — ‘
p dy T 3y I

Both gradients being negative, superiority in respect of
the air density gradient is exercised by the pressure
gradient in set II, while by the temperature gradient in
set IIL In other words, if the value of the relative pres-
sure gradient is higher than that of the relative tem-
perature gradient, the pressure gradient and the density
gradient will have the same direction (set II). It is not
without the usc of empiries that it can be clearly deter-
mined which of the relative gradients (between the pole
and the low latitudes) has the higher value.

The basic facts that have been introduced in part I
include also the velocity of the earth's rotation and the
radiative conditions, These are now recalled, In 1947
1, Faust (8] showed — other theoretical publications on
the subject by H. Lettau [8,10) and F. Wippermann [11)
followed — that with other conditions being equal, the
differences in alr pressure would be greater if the earth
were rotating at a faster rate (increasing Corlolis forcel).
Analogously, the temperature differences between the
high and the low latitudes would be greater, with other
conditions being equal, if the earth's axis had a stronger
inclination,

Since so far no result has been obtained that is contra-
dictory to sct II or sct III, these must be considered to
occur under particular circumstances. The mean con-
dition depends upon the ratio between the probabilities
of the occurrence of these two sets (for the distance pole
to low latitudes), and this scems to be a function of the
two abovementioned basic facts, i. e., the velocity of the
earth's rotation and the slope of the carth's axis. The
earth rotating at a faster rate would cause the proba-
bility of the occurrence of set II to rise, while a stronger
slope of the earth's axis would cause the probability of
the occurrence of set 1II to rise.
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Chapter 7: The Homopycnic Layer in Bottom Sets Il and !l

No meteorological parameter can grow beyond all limits,
It is only in the bottom sets II and III that the wind
maximum that has been deduced in chaplers 3 and 4
can originate, A pleistobaric layer, which according to
eq. (13) must be underneath the layer of maximum winds
(Null layer), can occur only in bottom set III, However,
since there is a wind maximum in bottom set II as well,
we again meet with the gap referred to above (p. 18).

A Null layer will necessarily occur where-
l ever a pleistobaric layer exlsts (bottom set
III); it can, however, ocour also without a
pleistobaric layer occurring (bottom set II).

c.17

Both these bottom sets originating a Null layer, this has
to be considered as being existent in the mean. This
furnishes the outstanding proof (chapter 4) that a modi-
fication to the original assumption, 8pe/ 08y = 0, will not
affect the results attained in respect of ihe Null layer.
According to eq. (15) and (18) the condition both
nceessary and sufficient of the existence of a Null layer
has been offered by the parallelity of the three vectors,
Vo, VT, Vo. 8p/ 3z and 80/3z keep negative In the
whole of the atmosphere, and the meridional gradients,
Jdp/3y and 39/3y, must therefore have the like sign
within the Null laycr.

It has been shown that sign 3p,/dy = sign g,/ dy in
bottom set 1I. That means, since 3p/ 8y does not change
its sign, 0o/3dy, at least up to the height of the Null
layer, will remain unchanged, too. From this is obvious
again that in bottom set II there is no homopycnic layer
beneath the Null layer. In bottom set III, however,
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understoud owing to the fact that above the homopyenic
layer, which represents the maximum value of the
meridional pressare gradient, the latter decreases with
altitude, although high pressure is connected with warm
air and low pressure with cold air up to the height of
the Null layer.

In other words, the difference between bottom sets II
and III is that on the occurrence of the former, the
homopycenic layer has sunk down to “below the earth‘s
surface*,

In the mean, which it is our primary aim to deduce here,
the bottom sets II and III are existent side by side. While
a Null layer is provided in both cases, and therefore
exists in the mean, only one of these provides a homo-
pycnic layer, So, may this be assumed to exist in the
mean as well?

A collective system is assumed to be composed of por-
tion A at a% and of portion B at b (= 100 - a) %. If
cach clemoent of A possesses the same characteristic “C*
(here, homopycnic layer), while each element of B lacks
this characteristic, then the collective system possesses
the characteristic “C* in the mean only provided that
the portion B has not compensated it. For the mean of
all bottom sets II and III a homopycnic layer may be
considered to cxist only if it proves to be causally
necessary. That this necessity is not given can be seen
from finding the mean of one each single bottom set II
and III. When deriving the mean from the two curves
do/ 8y In Fig. 4, the resulting mean curve will no longer
cross the zero line.

oo

C=Qa+b

Iig. 4: Averaging two bottom sets

where sign 3p,/ 8y 4 sign 8g./dy, 9o/ dy must change
its sign (homopycnic layer) below the Null layer.

Thus, the validity of the equation of condition of set IIT
expires in the homopycnic layer. Above this layer, the
conditions in both bottom sets II and III are identleal,
such as, ¢. g., decrease of pressure with height being
greater in warm air than in cold air. This is easily

Thus, for the mean of all bottom sets II and III the
existence of the homopycnic layer does not prove cau~
sally necessary, and there still remains open the problem
of the sign of the mean dp/dy.

In the following investigations the two bottom sets, II
and III, will therefore have to be ascribed equal rights
to.
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Chapter 8: The Layers of Maximum Meridional Gradients of Air Temperature
and Air Density above the Null Layer

Other modifications to the basic assumptions have
meanwhile proved necessary. In bottom set III, 8¢/ 8y
does not move asymptotically toward zero with increas-
ing height but reaches zero already in Hp, becoming
negative above same. Nor is the basic assumption met
by the connected 3p/ 3y, which shows an extreme value
at the height of Hp.

The negative value of the meridional density gradient
cannot grow beyond all limits above the homopycnic
layer. Within the theoretical equalization layer, at a
vety high altitude — it is not a matter for dis-
cussion here if same is realized {n nature —, 3¢/ 3y must
be equal to zero. At some height above He 3¢/ dy must
therefore reach a (negative) maximum value,

Botiom set II has shown 3¢/ 3y to keep negative below
the Null layer. At first an asymptotic approach of it to
zero seems possible and for this reason, we shall ask for
the general conditions of the occurrcnce of a pleistopyc -
nic layer.

We shall employ the relations connected with a wind
extreme layer, and our investigations will again be
restricted to the zonal component of the wind. In order
to find out the relative position of the Null layer and
the pleistopycnic layer, the behavior of 3%/ 828y at the
height of the Null layer will be considered.

Another derivative of eq. (13) with respect to z is formed:

v, g Jp do g 3o
(25) e ek —
9z2 for Oz 8y fo Qy&z
1 d \? 1 0% 1 8¢ Ov.
1 — ( Vo ——mVp — —
e\ 3z ¢ 0 p 0z Oz

‘I'ne condition of the occurrence of a Null layer renders
the last member of this equation zcro. For the west
wind maximum it is 8tv,/ 322 < 0, which provides the
following nonequation

&% 1 3 B¢ f{ % ¥
@26 @& < e | —— Ve
dy Az 0 92 dy go 2
f 9%
- Ve
g 0o

(for the layer where dv,/0z = 0)

Considering the Null layer conditlons, this can be further
simplified. Eq. (1) and (3) render

8p

. g 9y
R A
")

dz
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Here it must be noted that a Null layer is connected
with the parallelity of the layers of constant meteorolo-
gical parameters (cf. chapter relative to Null layer), For
(y, z)-dependence, this parallelity is designated by

da op
dy dy
(28) —_———
da B
dz oz

where «q, {} denote two parameters.

Applying the above to p and @, nonequation (26) reads
as follows:

op

L R

By oz o 0z Oy I3 3z 3p

fvz o T8z
g o

where the flrst two terms at the right hand can be
transformed to

8o 9p
1 o \| o oy
° ( 3 ) do T
PR

In the case of a wind maximum the term enclosed by
brackets becomes zero, which leaves

¥ fve &% dv,
(29) L —— (for —— = 0).
dy oz g 0z oz

B0/ 3z is negative and in the mean, its value decreases
with height. Therefore, 8%/822 > 0, and in this case,

]
v, >0 applies also. For a simplification — v, =t
g 0z
is Introduced and the expression now reads:
30
(202) < pt

Henee, the layer of maximum (negative) 8p/ 8y may be
met with already below the Null layer. But since an
unlimited number of negative values, while only a -
mited of positive values (0 to y? are avallable for
3%/ 3z 8y, the required pleistopycnic layer in nature

probably {s more {requently situated above the Null
layer rather than below.

The above does not offer u satisfactory proof and another
eritcrion will have to be sought. For Null layer condi-
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tions (where dv./ 8z = 0, among others), the following
is obtained by use of eq. (1), (3) and (7):

9 e ( f aT )
—_— T e — - V,ﬁ + — =
dy T\R dy

3(8@)(!89_'_93'1‘)
oz (‘)y—~ T 3z —T;-az—

y | T

] ( d¢ ) e

(30) —_— —— RN
T

1 3 arT
2 (D)
e dy R oz

The position of the pleistopycnic layer relative to that
of the Null layer is found from nonequation

t o (g ar 3T
30a) ——f—~+2— )+

o 9y \ R oz dy oz

> o Dleistopyenie a‘;(t’gf Nult
layer within layer

< helow

The first member is negative, the second positive, The
latter is supposed o be the predominant one, as already
pointed out by W. Attmannspacher in [5].

Nonequation (30 a) does not satisfactorily determine the
position of the pleistopyenic layer, either.

It is only from bottom sct 1II that the existence of this
layer has cogently resulted. In the vieinity of the Null
layer, 3¢/ 3y has the like sign in bottom sets IIT and II,
as would appear also from eq. (31),

de J; B v

@y — = e — (for -=0)
dy g Oz ‘ 3z

Although bottom set II does not show whether or not a
pleistopycnic layer develops, the effects of bottom sct
111 cannot be compensated in the mean for the above-
mentioned reason, and contrary to what was sald in
connection with Fig. 4.:

In the vicinity of the Null layer, and pro-
C. 18 bably mostly above it, there is a pleisto-
pycenic layer,
*

Somewhat over the Null layer the meridional tempera-
ture gradient changes its slgn and becomes positive, this
applying to both bottom sets II and III. Using the axiom
that no meteorological parameter can grow beyond all
limits, the following can be stated: —

Above the Null layer, there must develop
C. 18 a layer of maximum meridlonal tempera-
ture gradient (pleistothermic layer).

1t will now have to be ascertained whether the pleisto-
thermic layer is above the deduced pleistopycnic layer
or whether it is below.

Forming the derivative of eq. (7) with respect to =
renders the following for the layers of maximum meri-
dional gradients:

p 1(1 O 3T 3do
(32a) = —
3z 3 T \R 3z8y 9z 0dy
d¢ 3T aeT )
— —— — — e =
3z dy 0z 3y
a7 1 (z o 3T o
@32b) = -— ——
9z 3y ¢ \R 3z08y dz Oy

20 OT 20

3z Oy ! 8z 0y ) -
In the pleisiothermic layer 82T/ 8z 3y = 0, hence
o 1 ( 1 op aT de d¢ 3T )

dz 3y T

R 3z3y 9z oy 9z dy

where the first term at the right hand can by use of the

g de
hydrostatic equation be written as — ———; then the

dy
first two terms render jointly

(g ar ) do
—_ = ) —
R 0z dy

Hence, the below relationship holds in the pleistothermic
layer:

AT} 1 { <g aT ) Jdo do AT }
— = e | — e — —
dz 3y T R 8z dy 9z 9y

The positive g/ R is the equivalent of the negative value
of the vertical temperaturc gradient of the homogeneous
atmosphere; 3T/ 8z which occurs in the real atmosphere,
and which is negative if the earth's surface is assumed
o be the only heating level, is considerably smaller,

The member in parentheses at the right hand is positive.
3o/ Oy being ncgative above Hp in both bottom sets II
and 1II, the first right-hand term, including the sign, is
positive. ¢/ 8z Is always negative, while 3T/3y is posi-
tive above the homothermic layer. The sccond tez... at
the right hand, including the sign, therefore is positive
too,

The latter cquation applies only to the pleistothermic
laycr. So 8%p/ 328y is positive there, and since 9o/ 3y
i{s negative, it must decrease with aititude in the vici-
nity of the pleistothermic layer.

The layer of maximum meridional (nega-
C. 20 tive) density gradient (pleistopyenic layer)
is situated below the pleistothermic layer.

The abovededuced results show that with increasing
altitude, the layers of zero (bottom set LiI only) and of
the maximum of the meridional gradient are reached
first by the air density, then by the air temperature.
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Chapter 9: The Influence of the Vertical Motion on the Temperature
and Density Fields

The vertical motion that is connected with the Nuil
layer has, in turn, an influence on the flelds of the ine-
teorological parameters. In Fig. 5 the solid lines illustrate
the “undisturbed” temperature height curves for high
and low latitudes below the Null layer. By warming due
to descending air in the low latitudes, and cooling due to
ascending air in the high latitudes, these curves are
modifled in surh a way as represented by the dashed
lines. On the earth's surface and within the Null layer
no change of temperature takes place, The original tem«

Fig.5: The influence of the large-scale vertical motion
on the meridional temperature gradient

perature differences at half the altitude belween earth's
surface and Null layer be denoted by a/ 2, while the tem-
perature differences due to vertical motion be denoted
by ‘b then, a layer of maximum meridional gradient
will originate if 2b > a/2. Because the curves repre-
senting the original temperature conditions diverge as
they come to the carth's surface, the developing pleisto-
thermic layer will be situated somewhat below the layer
of maximum vertical motfon.

The pleistothermic layer that is originated
below the Null layer by vertical motion, is
situated underncath the layer of maximum
vertical motion.

Validity of the foregoing result is not restricted to the
conditions prevailing between the high and the low
latitudes. It has been shown carlier that there is a
necessity for the meteorological parameters o deviate
from their latitudinal parallelity (high-pressure and
low-pressure systems). The result also holds true for the
vertical motion within the disturbances, and is even of
primary importance for these. A pleistothermic layer
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that is situated below the Null layer has been foung to
exist only if 2b > a/2, and in view of the great tem-
perature difference ‘a‘ between the high and the low
latitudes it is unlikely that the vertical motion originates
a pleistothermic layer that is situated between the Null
layer and the earth's surface. However, the “undi-
sturbed" temperature height curves along one latitude
coincide, and in the event of a high-pressure area and a
low-pressure area developing on the same latitude, a
marked pleistothermic layer will develop below the Null
layer, Due to additional, radiative warming within the
high, ‘a’ will be different from zero and the pleisto-
thermic layer will be situated slightly below the layer
of maximum vertical motion.

The deduced necessity of the existence of a pleisto-
thermic layer below the layer of maximum vertical
motion applies to the sets 1I and III equally. These two
sets on the ground must, however, be separated again
when the problem of the existence of a pleistopycnic
layer, connected with the pleistothermic layer, is being
investigated. While the temperature gradient normal to
the flow is negative (towards the high) in both cases,

the respective density gradient is negative in set II, and
positive in set III,

Sct III will be dealt with first,

The condition in the pleistothermic layer below Hp is as
follows:

2] ( ar ) 1 9 ( 1 dp >
@204 | e )
3z an R 9z o &n

g

3 ( T do )
—_—— ——— =0
dz o 9n

dp/dn has been defined as being negative, this feature
inereasing with height. The positive 1/p increases with
height, which renders the first term at the right-hand
side of cq. (32b*) negative, and in order that this equa-
tion may be cqual to zero, the second term at the right
hand has to be positive. Differentiating, and considering
the sign, renders

T 8 < de ) d 3 ( T
—_——— = >0
¢ Oz dn n 0z 0 )

T/o Is positive and increases with height, and for this
reason, 3/3z (T/g) is positive too. The nonequation will
not be satisfied unless 8/3z (3p/ 3n) is greater than zero.
Since 90/ 3n decreasns with helght in the pleistothermic
layer, the pleistopyenic layer cannot be above the same.

The following applics to the pleistopyenic layer by
analogy with the above:
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oz T 3n
—T--a— is negative, and its negative value increases with
n

height. The first term at the right hand is negative, and
to satisfy eq. 32a*, the second term has to be positive.
Differentiating the second term renders

o 0 ( aT ) ar @ ( ] )
—_—— e | —_—_——— | — >0
T 9z on on 9z T

According to definition, 3T/3n Is negative; o/ T is po-
sitive and decreases with altitude. IIence, 8/8z(o/T) is
negative, The nonequation is not satisled unless
3/08z (3T/3n) is negative; that means, the negative
3T/ 8n must increase with height in the pleistopycnic

layer,
The laycr of maximum density gradient

normal to the flow I8 situated slightly un-

C.22 derneath the layer of maximum tempera-
ture gradient normal to the flow (bottom
set III),

In set III the signs of 3T/3n and dp¢/d3n are opposite
below Hg. With 3p/0n assumed to keep constant, an
increase of the negative temperature gradient must
according to eq. (7) cause an increase of the positive
density gradient, and vice versa.

In set II both the gradients dealt with show the same
sign, So, with 8p/0n assumed to be constant, intensifi-
cation of one gradient normal to the flow would have to
cause weakening of the other, and vice versa. However,
since we cannot say if 9p/dn will indeed keep constant,
this is not a cogent result. It would mean that below the
layer of maximum temperature gradient there would be
a layer of minimum density gradient, which latter it is
for the first time that we have to consider.

With respect to the mean course of the meridional
donsity gradient in the vertical range considered no
final statement can be made because neither the course
and value of 3¢/3y nor the relative frequency of both
bottom sefs are definitely known. Mean conditions are
possible with failing extreme, with a (positive) maximum
or a (negative) minimum of the meridional density
gradient,
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Chapter 10: The Influence of the Inhomogeneous Surface of the Earth

The earth's surface has so far been mainly regarded as
a heating level to produce a meridional temperature
gradient. To be able to see what an influence is exerted
on the surface pressure gradient by the earth's surface
as an impenetrable level (ignoring surface friction for
the time being), it will be regarded as a penstrable level
similar to differently heated wire netting.

A later part (III) of this analysis will show that at a
specific altitude, below some heating level in the free
atmosphere, a layer originates in which the meridional
pressure gradient becomes zero (homobaric layer). Thus,
through the earth's surface as a rigid level, a thermal,
static pressure equilibrium cannot be reached — the
meridional pressure gradient remains different from
zero.

The results deduced in respect of the dynamics of the
planetary circulation hold true analogously for the
system of high-pressure area — low-pressure area, This
analogy may, however, be deviated from due to the
influence exerted by the inhomogeneous surface of the
earth; in the planetary system the horizontgal tempera-
ture gradient near the surface keeps its direction in the
mean, whereas it may show any direction between
high-pressure area and low-pressure area, due to the
influence of the Inhomogeneous earth surface, Such an
influence is represented by the change of the ground
underncath wandering pressure systems.

1f near the surface the temperature arrow is positioned
between the pressure arrow and the z-axlis, the two
arrows as they move upward will be parallel to cach
other at a certain position. In such cases, at this specific
altitude which chiefly is dependent upon the respective
temperature differences at the earth's surface, a layer
of extreme winds can develop. This can only be a layer
of minimum winds, for this extreme is below a wind
maximum and there i3 no other wind extreme between
them (parallelity of arrows p and T on Fig. 8).

It will be shown in later chapters that a layer of per-
sistent wind minimum too, is a Null layer, that is, a
layer with reversing vertical motion. In the case dealt
with here, there is a4 quartered temperature fleld in the
p-system; but there is none in the z-system because of
the fact that the temperature arrow in Figs.6a and 6b
keeps always to the left. This, for example, may be the
case in winter. The criterion regarding vertical motion
uxed here has bheen deduced for adiabatic conditions,
which do not apply to the case under reference. There-
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fore, the vertlcal motion will not be discussed here.
Notlce only the following statement:

Within the system of high-pressure area —
low-pressure area, a wind minimum often
develops in the lower part of the aimo-
C.23 sphere, if there is a relatively small tem-
perature gradient near the earth's surface.
This minimum must be situated under-
neath of the pleistothermioc layer.

The behavior of dg/dn has not been evaluated yet (the
positive n-axis at the lower boundary of the undisturbed
range is directed from the venter of the high to the
center of the low), When taking up this problem we are
led to the set characteristics defined in chapter 5, Fig. 68
offers a view of all possible combinations that are in
accordance with the conditions of the disturbances, the
dashed line showing the upper boundary of the disturb-
ed range, The foregoing considerations hold for a wea-
kened 8T/3dn, which however does not change its sign.

Considerations of the behavior of 9¢/8n above the
disturbed range makes obvious a difference within the
disturbed range itself (Figs. 6a, 6b).

In the surface-disturbed system of high-
pressure area — low-pressure area with
(8T/3n)y<0, there are between the deve-
C.24 loped wind minilmum and the Null layer
either two layers of vanishing 8o/ dn, one
of these being within the disturbed range,
or no such layer.

In the mean planetary system, a layer where d¢/dn =0
corresponds to a homopycnic layer and therefore will
in the following be termed ,,analogical homopycniclayer®;
accordingly, all the other layers of the y~system will in
the n-system be given the preflx “analogical®, For the
sake of clear arrangement, the analogical pleistothermic
and analogicsl pleistopyenic layers have not been plotted
in Fig. 6.

Figs. 6c and 6d indicate the situatlon prevailing in the
event of 3T/ 9n even changing its sign due to particu-
larly strong surface disturbances.

In the surface-disturbed system of high —
low, with (3T/2n), > 0, there are beiween
the developed wind minimum and the Null
layer elther iwo analogical homopyonic
Iayers, one of these belng within the
disturbance range, or none, Additionally,
an analogical homothermie layer is present
below the wind minimum In each such case.
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It has so far been assumed that the surface disturbance
causes (3T/dn), either to decrease (Figs. 6a. b) or to
change its sign (Figs. 6c, d). Let us now consider the
possibility of the originally existing 8T/ 9n being inten-
sifled by surface disturbances. Its sufficient intensifica-
fion will cause the character of the pressure systems of
the disturbance range to change.

Static effects obviously cause dynamic processes in this
case. The descending, very cold air causes a horizontal
convergence of air masses in its upper sphere while the
ascending, very warm air causes a horizontal divergence
of air masses, These two processes may occur jointly or
individually; in either case an individudal ecirculation
develops within the disturbance range. The mass flow
resulting from the aforementioned divergence or con-
vergence must be considered the cause of the reversal
of air pressure differences below the analogical homo-
baric layer.

In the surface-disturbed system of high —
lew, with (3T/38n)o <0 and (3p/3n)o >0,
an analogical homobaric Ilayer develops
C. 26 within the disturbance range. Between this
layer and the Null layer there is an analo-
gical homopyenic layer either within the
disturbance range or above it.

Since the earth's surface In reality is a rigid and rough
medium, the wind speed is considerably decreased in
its vicinity.

If the deduced wind minimum Is situated
C.27 above the zone affected by surface friction,
a wind maximum develops below it,

Fig. 7¢ Cut-off maximum

Formation of this wind maximum as a cut-off maximum
is illustrated in Fig. 7. Having been caused by an addi~

tional force, it cannot be found from evaluating the
three gradients,
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Chapter 11: Details of the Horizontal Gradients

When replacing in eq. (18) the (p, T)~-form of the vector
product by the two other forms from eq. (14), the follow-
ing is obtained:

RT
(18b) Ve = fz)(;zl-—l‘) (VT X Vo) z-comy.

= fé{(;'%“ I‘) (Vb X Vo) z.comp.

From a purely mathematical point of view this means
that the vertical motion becomes zero also in the level
of Vo = 0. But as the homopycnic layer does not repre-
sent a zero level of the vertical motion, a comparison will
be made between the two statements so as to avoid
thinking difficulties,

The turn to zero and reversal of the vertical motion
within the Null layer is effected by the parallelity of the
vectors, Vp, VT and Ve; not to the zero condition of
any of the veetorial factors of (18) or (18b). Up to this we
have not found a layer where any of the three horizon-
tal gradients may vanish in a particular case. In the
system of planetary circulation the homopycnic layer
has been defined as 39/ 3y = 0. 3¢/ 3x as well becomes
zero in the mean, and it is only in the mean that Hp
indeed represcnts a layer with V¢ = 0. However, if the
mean values of the horizontal gradients were placed in
the equations for v,, i. c. if all x-components were ren~
dered equal to zero, the vertical motion would be zero
in all layers. 1n spite of the fact that the x-components
compensate one another in the mean, the vertical mo-~
tions do not; this is for the recason that in the compo~
nent form of the vector products any derivative with
respect to x possesses a weight factor showing a deriva-~
tive with respect to y.

The product of two mean valucs is equal to the mean
of the individual products only where there is no corre-
lation between the factors. The correlation that exists in
the equations for v; will be commented upon in a later
analysis.

We again are confronted with what might appear to be
strange — prerequisite to the maintenance of the mean
conditions are deviations from them (sce p. 17), The com~
ponent form of eq. (18b) reads as follows:

30

A reversal of the large-scale vertical motion has so far
been observed only vertically; there must be areas of
opposite vertical motion horizontally also. The geometric
locus of all separating lines that belong together would
be a generally curved sloping surface. These surfaces,
in conjunction with the Null layer, will separate areas
of like-signed verlical molion from one another.

According to definition, 80/8y = 0 in the homopycnie
layer, whereas both 8T/8y+:0 and Jp/3y =+ 0 (see
chapter 5). In this layer, v; disappears only at the lines
of its intersection with the above-described surfaces,
Taq. (18b) requires 3o/ dx to be zero in these intersections.
The singular places in the homopycnic laycr at which
in fact \/ho = 0 are reprcsented by lines that run be-
tween the arcas of ascending and descending air.

1t is for the first time in this study that we meet with a
meteorologic characteristie, Vg = 0, expressing itself
only in a one-dimensional form, a line. Mathematically,
this is however easily understoed. V40 = 0 includes two
mutually Independent conditions, Jp/8x =0 and
30/8y =+ 0. 'That geometric form in the three-dimen-
sional space which must satisfy only one vondition has
two degrees of freedom; it is a surface, Thus, two mu-
tunlly independent conditions can be simultancously
satisfled only by a line, which is imagined as the inter-
section of two surfaces. This, of course, discegards the
contingency of the two conditional surfaces coinciding,

Notice also that the above results hold true analogously
for the homothermic layer. The conditions in the vici-
nity of the homobaric layer will be interpreted in the
next chapter,




Chapter 12: The Conditions at Higher Altitudes

A pleistopycnic layer has been found to exist above the
Null layer. To evaluate the conditions at still higher
altitudes, the system of high and low latitudes will be
re-adopted, i, e. the disturbances will be neglected for
the time being. Above the plelstopycnic layer the meri-
dional density gradient must necessarily decrease. At
these altitudes the density in the low latitudes is greater
than in the high, and as long as this condition remains,
pressure in the low latitudes must decrease with height
at a faster rate than in the high latitudes, due to the
hydrostatic equation.

©

homobaric layer the disturbances will again be taken
into account. The component form of eq. (18a) indicates
that the vertical motion does not become zero in this
homobaric layer (3p/3y = 0). The idea suggests itself
that 3p/3x, too, becomes zero therein, though there hag
not been found yet a layer where the two gradientic
components become zero simultaneously. Our assump-
tion ig that the vertical motion guided by the Null layer
compensates, and finally overcompensates the slope of
the pressure level, which too is influenced by distur-
bances. It has been shown in chapter 4 that barotropic
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Fig.8: The vicinity of the homobaric layer

This finally makes the meridional pressure gradient pass
through zero. If we assume the meridional density
gradient to pass through zero, the meridional pressure
gradient must due to eq. (7) have passed through zero at
a lower altitude (Fig. B), because the merldional tem-
perature and meridional density gradients then are
situated at the same side. T'o explain that the tempera-
ture gradient cannot be the first to cross the zero line,
we recall that this could happen only if there were a
reversal of the vertical motion.
With the existence of only one heating
level (earth's surface), a homobaric layer
C.28 will originate at higher altitudes, namely,
above the plelstothermic layer that is pre.
sent over the Nuil layer,

For a thorough investigation of the conditions near the

conditions prevail in the Null layer. The temperature
distribution due to vertical motion above the Null layer
turns the pressure level on a horizontal line in {t, so
that it comes to be situated in the horizontal direction.
However, this results in a contradiction, the imaginary
process showing the horizontal components of VT and
Vp to be parallel at any of the altitudes under consi-
deration; that means, there i{s no vertical motlon (eq.
(18a)). Irrespective of the contingency of a pressure

ap ap
equalization level | ——=— = occurring, it is
dy Ix

apparent that the condition cannot be a persistent one:
with the horizontal wind speed vanishing and the hori-
zontal temperature gradient not changing significantly,
the vertieal motion must not only be zero but also
change its sign. This is a self-contradiction — a vertical
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motion reversal annuls the temperature fleld which is a
neeessity of the existence of a pressure equalization
level and consequently, of the reversal itself, It be-
comes clear again that with the existence of only one
heating level, the pressure equalization level cannot be
persistent,

However, the homobaric layer (8p/3y = 0) can be ex-
plained without any contradiction by means of the
change in the wingd direction with increasing height.

On account of the small value of 9p /3y the components
of the disturbances dominate in a certain range below
and above the homobaric layer, This causes the wind in
this range to shift eastward relatively fast without
reaching zero. The vertical motivn keeps always its sign,
bui does not reach zero in the homobaric layer. The
direction of the vertical motion is given by the vectorial
form of eq. (18a). In the case of the disturbances having
opposite x-components, analagous conditions with
opposite vertical motions apply. The turn of the wind
result from the thermal wind equation (eq. (13) expanded
to cover the horizontal wind).

vy R i
—_— = (\7T X VPM
9z Ip

The vertical motion does not reverse within

C.29
a homobaric layer,

Hoerve it Is necessary for the flrst time to consider the
turn of the horizontal wind with height, as has been
repeatedly poslulated by H.Dahler (e.g. [12]). A subse«
quent, essential statement results regarding the Null
Iayer. Using the vectorial approach, vy = v8 causes the
change with height in the horizontal wind to be
v Avy 38
34) —— s+ vy
dz 9z oz
This has been based on natural coordinates, where
$ X n— k. 8=, hence

oy
oz
Thus, 8 must be perpendicular to ds/3dz. (34) therefore
represents the decomposition of dv;,/ 3z into two com-

ponents perpendicular to cach other, which both must
become zero to cause dvi/ 97 to vanish.

(35) 8 = 0

When deflning d«/ 3z as a turn of the wind with height
(positive for shift in a counterclockwise direction), s/3z
can be designated by

o8 du
(36) —_— ) e—
Oz oz

As for du/dz, the following relationship holds which is
known in theorctic metcorology: —

du gR
1610 — e — (VT X VD) z-comp.
5z fovi
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This is found from the statement a = are tg v,/ vz by
introducing in it the velocity components from eq. (4),
Replacing the above vector product by that from eq.
(18a) renders

Be g T
(38) —_—k=——| — 4TI vk
9z vifT 0z

According to definition, the following holds in the Null
layer:
dv;

Ve = (

+0

dz
which by use of eq. (38) reads:

du 3a

9z 0z2

A rotation vector of the horizontal wind is introduced,
da
= —a-— k which according to (38) is propertional to the
Z
vertical motion,

+0

d~ — vz k
d stands for the real shift of the horizontal wind due to

Os
Vi —— = ad X,
oz

Hence, v, shifts in a clockwise direction with height if d
shows downward, and conversely.

Table 1 offers a view of the connections between v,
vz k, 3a/ 3z Q as regarded jointly with the Null layer.

Table I
v, >0 e} < Fa > v,
- i <0 | —>0 —<0 Range
oz ’ Oz 32 ’ 2 g
Ja da 7
vy | VoK [~——] d vy | vk |— | d
3z Sz
200 1 [« 0] 4 [<0] } [=0] 4 ;‘;‘i‘l’fay or
o | o 10 o | o | withm
o o 0 ? 0 0 0 0 Null layer
SO 4 {0p >0 <8 %ﬂﬁ?ayar

Notice that Table 1 is valid only with respect to the
Northern Hemisphere. As £ shows an opposite sign in the
Southern Hemnisphere, eq. (38) indicates that da/9z gets

the sign of v, and consequently, v. k and d arc parallel
to each other,

The only presupposition we have employed in deducing
Table I is the reversal of the vertical motion. No use has
been made of the second Null layer condition, viz., the
existence of an exireme of the horizonta! wind. The
behavior of the horizontal wind thus renders a new
characteristic of the Null layer:

In the Null layer, the speed of the horizon-
C. 30 tal wind shows a maximum, and the wind
direction an extreme,




This means that the two members at the right hand side
of eq. (34) become zero individually, and the horizontal
wind vector consequently shows an extreme. The case
of the minimum of the wind speed which eq. (34) further
embodies will be discussed in a later chapter.

*

Let us take a view of the situation above the homobaric
layer, After having passed through zero, the meridional
pressure gradient rises with increase in height towards
the positive values to become again the dominant com-
ponent of the horizontal pressure gradient. For clearness
sake our consideration will therefore be confined to the
(y, z)-planc. 3T/ dy keeps its sign also above the homo-
baric layer. Since dp/dy changes to the positive side
(east wind), and increases, the meridional density gra~
dient must due to ed. (7) cross zero at a specific height.

l If there is onily one heating level, a homo-
C.31 pyecnie layer is present above the homobaric
“ layer.,

Evaluation of the threce meridional gradients at a posi-
tion somewhat above the homobaric layer shows the
following. d¢/dy is negative and its value dccreases
with height; 8T/ 9y is positive and decrcases with height,
too; dp/dy is positive and increases with height. Thus,
on the whole, the prevailing conditions arc analogous to
those on the carth's surface in set III, except that the
signs of the individual gradients are opposite to those in
the latter case. Conclusions in respeet of the conditions
above the homobaric layer therefore can be adequate to
those in respect of set IIL

A Null layer with a maximum value of the
east wind originates over the above-de-

C.32 duced homopycnic layer where the positive
meridlonal pressure gradient shows a
maximum value,

'This Null layer again is connected with a change in the
vertical motion and, consequently, in the meridional
temperature gradient,

When cxtending these investigations to slill higher
altitudes, and assuming the carth's surface to be the
sole heating level, alternating zero and cxtreme con-
ditions of the three gradients will be found which, as
before, are always situaled at different heights, But, the
effects of the heating of the carth's surface weakening
with height, the amplitudes of the gradients “swinging"
around the zero line must decercase with height.

With the existence of the carth's surface as
the sole heating level, regions of west and
east wind alternate iIn the vertical, wherein
the wind maximum loyers represent Null
layers. Separation of the individual regions
is by homobaric Inyers,

| .S

....>

reoned

<-¢..-._.-

oo

EIE
&p»fﬁ %

TITT77777777777 777777777

Fig. 10: The large-scale vertical motion in a swinging

system
.

33




4
]

P L LS LR

NTE

[

iz, 8 presents the conditions resulting from the effects
of the earth's surface as sole heating level

The existence of only one heating level causes an atmo-
spherie structure that, as regards the vertical behavior
of the meridional gradients, is similar to an oscillaticn.
It is apparent from Fig. 8 that the 8T/dy curve, in
particular, cannot be described by a simple sihe curve,
as due to the behavior of the vertical motion, two pleisto~

thermic layers with identical sign of 3T/3y result
between two Null layers.

Fig. 10 shows particular details of the mutual con-
nections between geostrophical wind, the change of it
with helght and the large-scale vertical motion; the
meridional components of V,p (for v;) and VT have
been regarded as dominating and therefore they were
additionally plotted. The mathematical basement is
given by eq. (18a), (37), (3) resp. the equation of the
geostrophic horizontal wind proceeded from eq. (4)

vy o= -—i—-k X Vip
fe
Corresponding to that the value and direction of the
goostrophic horizontal wind is given by 1/ fo Vp, whilst
the plane between the vectors VT and 1/fg¢ Vip mul-
tiplied by the factor (/' 4 9T/Jz) represents the vertical
motion. To the figure itself it is to say, that the vertical
sequence of the arrows is glven at specific heights but
there the arrows are shown in the horizontal plane with
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the above definated coordinate system. The altitudes of
maximum vertical motion are marked by the sign of v,
which holds for a point within the northern part of the
system high/low latitudes being characterized by as-
cending air in the lowest part of the dynamical system.

Fig. 3 shows the cases from chapter 5 to undergo an
obligatory seguence. Fig. 9 indicates that this obliga-
tory sequence is present also in the “swinging” atmo-~
sphere along the vertical axis, in the sense that with
increasing altitude, the sets from Fig.3 are passed
through from the right to the left. The individual sets
are separated from one another by Null layers and by
layers of vanishing meridional gradients of pressure,
temperaturc and density (i. e, by layers of vanishing
meridional gradients in the p- and z-systems).

In case of the existence of a sufficiently
strong heating level the vertlcal distribu-
tion of the meridional gradients of pressure,
temperature and density, as well as of the
zonal wind and the vertical motion pos-
. %4 sesses the form of an oscillation with the
amplitude decreasing upward, In moving
upward, the sets deduced in chapter 5 ocour
repeatedly in the obligatory sequence of
(I10), 11, Ib, Ia; YII, XY ete. The undisturbed

conditions involve the bottom sets II and
111,
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Il The Upper Bounddry of the Ozone Layer
as Heating Level

Subpart A: Summer

The purpose of this Part is to investigate the conditions
to arise from assuming a heating level to exist in the free
atmosphere, namely, the upper boundary of the ozone
layer. Again, cmpirical data will be neglected. The

existence of another atmosphere system for which the
earth's surface is a heating level will be disregarded up
to Part IV, when the results to forthcome from this will
be combined with those obtained in Part II.

Chapter 13: The Meridional Gradients in the Heating Level

The upper region of the ozone layer absorbs almost the
whole of the sun's longwave ultraviolet radiation. The
quantity of this absorption as a function of both the
geographic latitude and the season is placed in propor-
tion to the solar radiation values at the upper limit of
the atmosphere as found by Milankovitch [13]. The
absorption of the solar ultraviolet rays causes a pleisto-
thermic layer to develop in the upper border of the
ozone layer. In summer the polar region is conveyed
more solar radiation than the low latitudes (see Fig. 11),
which renders 3T/ 9y positive then.

Heating is not confined to the heating level but can be
supposed to extend upward and downward in the course
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as a rigid level, Owing to the heated spaces near thea
ozone layer upper border the constant pressure levels
will rise in the high latitudes. The Coriolis force prevents
the air masses from flowing toward the lower pressure,

In the upper border of the ozone layer
there is in summer a meridional pressure

C.35 gradient which is directed toward the polar
region and according to eq. (3) 18 conneoteqd
with east wind,

In order to theoretically find the sign of ¢/ 38y in the
heating level, we must, as a starting point, use the
assumption that below the heating level, the meridional
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Fig. 11: Diurnal sums of extraterrestrical solar radiation as a function of latitude and season

of time, with 3T/dy decreasing as its distance from the
heating level increases.

In order to say which sign dp/Jdy has in the heuling
level we avall ourselves of one fact from the lower
atmospheric regions: the existence of the earth's surfoce

pressure gradient caused by it fades to become zero at a
specific altitude (homobaric layer).

1f the effects of the heating level had a merely static
nature, the homobaric level would at the same tiine
have to be a homothermic one. But so that dynamic
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effects may not be precluded from the beginning, the
two layers must not be assumed to coincide,

We for the first time find the temperature to rise with
increase in height. To simplify matters 3T/9z =1y is
supposed to be independent of height over a given place,
and to enable a finite temperature equalization to occur,
8T/ 3z = y (y) has to be a function of the latitude.
From eq. (1) and (2) it follows that
(39) dp = — -ﬂ dz

RT
With » constant (here positive), the temperature at
altitude z (£ HJ over a given place {s

(401 =Ty—y(H—2)

for z = 0, that means in the pressure equalization level
(po = constant), holds T = T,.

We introduce eq. (40) into (39) and take the integral
between the limits 0 and H:

en u

g
In =—-—lln(To+yz)]
Po Ry
For the sake of simplicity the indices “H* will in the
following be left out. Substituting the limits and making

allowance for eq. (40) finally renders:

]

— g
T Ry yH \ Ry
(41 p=po|-—— =po| 1——
T—yH T

This equation expresses the pressure as a function of
the temperature at the height of the heating level.
Finding the partial derlvative with respect to y, the sign
of 3¢/ dy can be determined on the basis of eq. (7).

To differentiate eq. (41), it is stated:

T

then, the following relationship is employed:
by)\ b{y) b

(42) af(y) = afy) bin a- o —

a

yH g
(1——~)=a(y); — =b(y)
Ry

By placing a(y) and b(y) in (42) the following is
obtained:

1 ap g O yH
(43) —_—— = e e T n | 1=

yH/T may be assumed to be considerably smaller than
1, thus
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also, the terms possessing (yH/T)® can be neglected,
which renders

1 3 gH 1 98T 3y (gH*)
@ -

p 3y RT T 3y dy RT?

This cquation is iniroduced into eq. (7), while i"/g is
replaced by Hj, (which imagine as the height of a homo-
geneous atmosphere having the basic temperature T);
hence,

(46) —_——— = —
¢ Oy T dy

1 B 1 GT(H ’> H E 3y
Hy '

dy/ 3y can by means of eq. (40) be expressed as
dy 1 aT aT,
ERE (797 S )
which finally renders the following, illustrative form
of eq. (45):

(46) — = — | — _——
o Oy T\ Hy dy dy

From this, the sign of 30/ dy in the heating level can be
found

1 do 1<H8To aT)

o > dr < H 9dr,
dy < dy > Hp 9y

In deriving this formula our assumption has been that
a pressurc equalization level exists at a finite altitude
below the heating level; another has been that the ver-
tical temperature gradient remains constant over a
given place, but not in the y-direction. These restrictions
— which certainly are not weighty — allow conclusions
to be drawn in the heating level with respect to the sign
of 8p/3dy.Generally speaking a negative sign of J¢/8y
results if 3T,/dy = 0 (static conditlons). Chapter 14
furnishes a positive sign of 9T,/ dy and also an additio-
nal possibility of variation in H. Provided the tempera-~
fure conditions of the heating level and of the homo-
barie level (3T, /3y > 0) remain constant, a remarkable
result is obtained: The smeller (larger) H, the more
likely a negative (positive) 3¢/ 9y. If on the other hand
both H and 3T/3y keep constant, the probabillty of a
positive 3o/ dy increases with increase in 8T,/ dy.

In the summer ozone heating level, when
only considering its static effects, the air
density must i{norease from high to low
latitudes. When taking into account also
C.36 the dynamic effects, the sign of dp/ 3y in
the heating level depends upon the width
of the vertical range on which Influence is
exerted by the temperature differences in
the heating level,

Eq. (47) *hus does not provide un unambiguous statement
regarding the sign of the meridional density gradient at
the upper boundary of the ozone layer and consideratlon
will have to be given to both possibilities,
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Fig.9: The swinging system above a heating level




Above the heating level 8T/9z is again negative, and
we may expect the same layers to occur as above the
other heating level, the earth's surface. In the ozone
heating level, a positive dg/ dy corresponds to the bottom
sct IT, a negative 3¢/ dy to the bottom set III (chapter 5),
at which the signs of the meridional gradients now are
opposite to those on the earth's surface.
In summer there prevails above the ozone
heating level the same sequence of layers
C.37 as above the earth’s surface. The appertain-
ing bottom sets are not required to be the
same,
In particular, there is above the heating level a per-
sistent east wind maximum which represents a Null
layer with vertical motion reversal and nongradientic
mass flow from low to high latitudes. In the latter Null
layer the meridional density gradient is positive — inde~
pendent of its original value in the heating level — for

Chapter 14: The Conditions obove the Heating Level

the reason that the mezridional gradients of the three
meteorologic parameters have to have the like sign.
Thus it is in the Null layer, for the first time, that a
definite statement as to the sign of 3¢/3y Is possible.
Owing to the effects of the Null layer new angles arise
regarding the sign of 3¢/dy in the heating level. The
nongradientic mass flow makes the meridional pressure
gradient intensify at the upper boundary of the ozone
layei‘, which, with 3T/3dy remaining unchanged, leads
to a shift of do/3y in the direction of positive values.
The influence of the vertical motion that is caused by
the Null layer renders the positive value of 3T./3dy,
which has already been used in the previcus chapter.
This effect acts in the same direction in respect of 3¢/ dy
in the heating level. The above considerations may
prove to be of significance when regarding the time-
dependent temperature distribution within the heating
level.
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Chapter 15: The Conditions below the Heating Level

Consideration will now be given to the conditlons below
the heating level, and, first, in it Jo/08y shall be
positive, The temperature and pressure differences
proceed, weakening, to the lower altitudes; do/dy > 0
requires according to eq. (1) 8p/8y to rise downward.
But this cannot take place continuously sinece it is
impossible for the potential energy of the horizontal
pressure distribution, being a function of the strength
of the heating level, to rise inflnitely. A maximum of
the horizontal pressure gradient occurs, at which do/3y
is equal to zero, and changes its sign. 8p/ 0y now decrea-
ses with decrease in altitude.

With 3¢/ 3y positive in the upper border
C.38 of the ozone layer, a homopycnic layer
develops below same in summer.

3T/ dy, too, deercases with decreasing altitude; there-
fore, if do/dy is negative with its value increasing,
dp/dy finally must change over to the direction of
Jdo/dy. That is to say:

A homobarie layer occurs below the homo-

C. 39
pycnic layer.

Below it, the west wind increases with deerease in alti-
tude and a Null layer with west wind finally develops,
in which VT is antiparallel to both Vp and Vg because
of 8T/8z > 0. Hence, a pass through zero by the meri-
dional temperature gradient occurs somewhat below the
Null layer.

If 3T/ 8z is positive, the homothermic layer
C. 40 which belongs to a Null layer is situated
somewhat below {his,

In the case of the existence of a Null layer, the same
conditions hold good for a negative 8¢/ 8y as they do for
a positive one below the homopycnic layer. If the energy
transformed in the heating level is not so strong as to
create a Null layer, the three gradients will jointly fade
until reaching zero. This is a borderline case not to be
discussed here.

So far the space below the heating level has been
implicdly understood to be sufficient to cause the
swinging bchavior of the three meridional gradients of
p, o and T. What has been sald in Part II with regard
to the development of layers of extreme meridional
gradients as a consequence of the large-scale vertical
motion applies analogously in this part. The positive
sign of 8T/ 3z is significant only for the position of the
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honothermic layer which is connected with the Null
layer, and does not affect the relative positions of the
pleistothermic and pleistopycnic layers (see eq. (32)),
because in the free atmosphere, 3T/ 8z is always smaller
than g/R, Similarly, the relative positions of the other
‘pleisto’ and ‘homo* layers are independent of the sign
of the vertical temperature gradient,

The sets derived in chapter 5 have been applicable to
a negative vertical temperature gradient which has been
the only onc possible in case of the existence of the
earth's surface as a heating level. However, a positive
0T/ 3z requires a modification to be made to the limits
(Fig. 3), B changing its sign. The new limits can be found
by analogy with the calculations of chapter 5. Fig, 12
shows the new conditions as they correspond to Fig. 3,
and also applies to a negative dp/dy (west wind). For-
mally, set Ib of Fig.3 (wind and meridlonal pressure
gradient decreasing with height, same sign of the three
meridional gradients) is superseded by a set to be
termed II* (wind increasing while pressure gradient
decreasing with height, sign of meridional temperature
gradient opposite to those of meridional pressure and
meridional density gradients). This designation has been
chosen so as to enable those of the carlier sets to be
retained,

Fig. 13 illustrates, by analogy with Fig. 9 (heating level
on earth's surface), the conditions prevailing if there is
only one heating level in the free atmosphere,

The importance of the large-scale vertical motion for
the development of pleistothermic and pleistopyenic
layers has been fully discussed in Part II; it has also
been shown there that in the space where all the three
horizontal gradients possess the like sign, there cannot
be a pleistopycnic layer, whereas, theoretically, there
can be & minimum layer. The latter has not been taken
into account on ¥ig. 13,

Comparing the results attained in chapter 14 with those
of chapter 15 permits the following conclusion:

The homopycenic layer which 1s between a
Null layer and the homobaric layer below
same, is situated underneath the heating
level, provided that the meridional gra-
dients of p, T and o have the like algn. It is
sltuated above the heating level, if the
meridional density gradient is opposite to
the two others,
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Subpart B: Winter

Chapter 16: The Effects of the Upper Boundary of the Ozone Layer in Winter

It is apparent from Fig. 11 that in winter the low lati-
tudes receive more solar radiation than the high lati-
tudes; the difference in the radiant energies conveyed is
considerably greater than in summer. From this we may
infer that a greater meridional temperature difference
exists at the upper boundary of the ozone layer. What
has been sald in Subpart A applies equally to the case
of winter when reversing the signs of the meridional
gradlents. In particular, the vertical sequence of the
deduced layers holds good here toc. There is, however,
one remarkable difference between summer and winter

in the nontropical latitudes on account of the greater
difference in the meridional temperatures within the
heating level: The amplitudes of the “swinging® gra-
dicnts are larger, that means, the pleisto-layers are more
marked. On the whole, the meridional eirculation may
be assumed to be more intense in winter. Fig 11 also
indicates that the summer circulation covers a shorter
period of time than that in winter.

A representation of winter conditions would be like a
mirrored Fig. 13 and has therefore been omitted.
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IV The Joint Action of the Heating Levels

Chapter 17: Comparison of the Two Individual Circulation Systems

The most noticeable difference between the circulation
systems that are produced by those two heating levels is
that in the lower system, the circulation does not change
its directicn during the course of the year, whereas in
the upper system, it is opposite during the extreme
seasons. This difference renders a natural principle for
an arrangement in this part.

As would become clear from Figs. 8 and 13, the vertical
sequence of the layers of marked characteristics is the
same in both systems of circulation, except that in the
range where the vertical temperature gradient is posi-
tive, the Null layer is above the appertaining homo-
thermic layer. In the vieinity of the Null layer, the
scquence of those cases therefore {8 dependent on the
sign of the vertical temperature gradlent: Set Ib occurs
only where dT/3z is negative, set II* where it is posi-

tive, For a “swinging” atmosphere the vertical

scquence of the sets above the upper
boundary of the ozone layer is the same as
that above the earth's surface (9T /3z < 0).
Below fhe upper boundary of the ozone
layer (8T / 3z > 0), set Ib is, formally, super-
seded by set 1I*, which is below the Null
layer according to C. 40,
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The slopes of the surfaces on Fig. 13 offer further possi-
bilities of the thermal structure of the pressure systems
in the systems of z and p. Chapter 8 has indicated that
one and the same high-pressure area (low-pressure
area) may be cold (warm) in the p-system while warm
(cold) in the z-system, with the wind speed decreasing
with height (set Ib),

The statements that have been made in the systems of p
and z relative to the thermal structure of pressure
systems will, however, change if the vertical tempera-
ture gradient is positive; then, the wind speed will
increase with helght (set II*).

1t is only with a positive vertical tempera-
ture gradient that in the z-system the high.
pressure area can be cold and the low-
pressure area warm, though the wind speed
increases with height, It is only with a
negative vertical temperature gradient that
in the z-system the high-pressure area oan
be warm and the low-pressure area cold,
though the wind speed deoreases with
height.

C.43




Chapter 18: Possible Forms of Vertical Structure of the Atmosphere us
Resulting from the Joint Action of Two Heating Levels

In Parts I and III the etfects of only one heating system
in the atmosphere have been deduced, our investigations
now are to ascertain those of the simultaneous action of
both heating levels. Theoretically, a sole heating level
exerts an influence upon the whole of the atmosphere;
its influence, however, decreases as the distance from it
increases. In order to enable any results to be attained,
it is assumed that the effects of the one heating level are
negligible in the vicinity of the other.

To think that each of the two indcpendently “swinging®
heating level systems could be cut off at a specific place,
and the two put abruptly together at such “cut-off*
places, would be physically wrong. In general, this would
mean leaps of the meteorologic parameters. For simpli-
fication, and imagining a vertical range to exist between
the two heating levels, within which the supremacy
shifts from the one system to the other, the following
definition is made: Above a specific height Hq (lower
boundary of the undisturbed, upper system), only the
upper system is significant; below a specific height H,
(upper boundary of the undisturbed, lower system;
(Hy < Hy), only the lower system. Transition from the
one system to the other takes place between Hy and Hy;
in this range, there is not a marked dynamic layer, which
might have devcloped due to the effects of one system
only,

For the range of transition, specific border conditions
of the parameters dp/ 3y, 8T/ dy, 3u/ 3y, v, and v, are
given at Hq and H,. We now ask for the possible ways
of transition of those into one another. The variety of
the transition that would be possible formally, s,
however, limited by the condition that the final state
within the range of transition must be persistent; in
other words, it must not be connected with any processes
trying to destroy it.

Occasionally the vertical distribution of the meteorolo-
gic parameters has in the previous chapters been com-
pared to an oscillation, the legitimation of this having
been derived by replacing the time-coordinate of com-
mon oscillations by the z-coordinate. Comparison to a
“frozen® wave may therefore be still more to the peint.

The oscillation-like behaviors of the meridional gra-
dients as well as of v, and v, arc, flnally, due to the
behavior of v,, which in turn is connected with the fleld
of the zonal wind. It therefore seems to be legitimate
from a physical point of view to regard both the wind
components as representative of the phenomenon as u
whole.

In order to find out the possible ways of behavior of the
wind components within the transition range, conside-
ration is given to the persisient combinations of vy,
dv./ 3z and v, as obtained in chapters 12 and 15. It has
proved there that, while dv;/ 3z keeps the same sign, the
signs of v; in the high and low latitudes respectively are
opposite. Therefore, without impairing the universality
of the forthcoming results, we need not regard other
than the conditions at the low latitudes.

The ocurring combinations are as follows:

Increasc of west wind with height and descending air
+ W
Decrease of west wind with height and ascending air
— W T
Increase of cast wind with height and ascending air
+E
Decrease of east wind with height and descending air
— E l
The other combinations that are concelvable formally,
are not persistent in the low latitudes. Any of the above
four combinations ean accur at H, as well as at Hy, and
the 18 linkages that are possible between them are given
in the table below.

a b ¢ d
1 =Wt =Wt =Wt | _—Wwh
+wl —wt —E| +Et
, | Wi +wl | o+wl | _+wy
+ Wi —wt —B| +E%
| +Et | 4Bt | _fEt | 4Bt
+wi —Wwt —E | +Et
J o—Ev | -2y} —EL | —E)

Table IX: Formally possible linkages of the combination
types. Combination types assumed to occur at H, (Hp)
are shown above (below) the horizontal line.

The lines of Table II represent the unchanged combi-
nation types at H,, the columns those at Hy. When select-
ing the linkages that are physically possible, the defini-
tion of the transition range as one of the occurrence in
it of one marked dynamic layer, if any, must be taken
into account. The linkages 1d and 4a would require two
N's and, between these, one Hy, to be incorporated in the
transition range. The linkages 1c, 24, 32 and 4b would
make neeessary one N and one H, in the trausitlon
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range. These linkages, which are merely formal, are
inconsistent with the above supposition and must there-
fore be disregarded. 2c and 3b yield one Hjp in the tran-
sition range, while 1a and 44, one N. 2b and 3c yield a
dynamic layer which has not so far occurred, and whose
essential characteristics originate from the combination
types assigned to it. This layer is one of minimum zonal
winds with a reversal of the vertical motion; it meets all
the requirement of a Null layer, and will below be
called “Null layer of 2nd kind* (N:). The earlier Null
layer, which is connected with a maximum of the zonal
wind, will below be designated ,,Null layer of 1st kind“
(N1). The Ne will be fully discussed in the noxt chapter.
‘The linkages 1b, 22, 3d and 4¢ arve still left for conside-
ration, At these, a marked dynamic layer does not come
into existence in the transition range, because the rele-
vant combination types at H, and Hy are equal.

Table 1Ia offers a survey of the marked dynamic layers
that occur at the respective linkages. The absence of

suchAa layer is denoted by a cipher, an excluded linkage
by a cross.

a b ¢ d
1 Nt 0 X X
2 0 N: Hy x
3 X Hy N2 0
4 X X 0 N1

Table Ila: Marked dynamic layers in thetransition range.

Thus it is apparent that within the range of transition,
there develops cither a Null layer of the ist or 2nd
kind, a homobaric layer, or no marked dynamlic layer
at all.

Other considcrations also lead to the conclusion that the
variety of the possible ways of transition can be reduced
to a small number of basic forms. We shall below con-
fine ourselves to considering vx and v, For a combined
system of two heating levels it is of importance whether
vy respectively v, passes through zero within the tran-
sition range or not. There are, formally, four possibili-
ties, which are included i, Table IIT.

Pass through No pass M?;ked dynamie
zero through zero tmgsi{!c:: rt::ge
a — Vy, Vi 0
b Vx vz H,
C vy Vx Ni or Me

d Vxy V3 — by

Table III: Behavior of v, and v, in the transition range.
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Possibility a materializes on the equality at Ha and Hy
of the signs of the meteorologic parameters. In this case,
which occurs between an Ni and an H,, the range of
transition does not comprehend a marked dynamic layer.
Possibility b materializes when the zonal winds at Hy
and H), are opposite to each other; the two wind systems
are in the transition range separated by a homobaric
layer. There occurs a Null layer, cither of the 1st or 2nd
kind, in that range if the vertical motions at H, and Hy,
are opposite to each other (possibility c), while the zonal
winds have the like sign. Possibility d cannot materialize,
because vx and v, cannot change their signs simul-
taneously; see the investigation in chapter 12 concerning
the homobaric layer. Thus the same four forms of tran-
sition within the transition range are obtained as above.

These four forms of transition can be included in two
virtually different groups. Comparison of them with
vertical sections of only one “swinging” system reveals
that three of them (N, Hy, 0) are contained in the latter,
whereas the fourth one (N2) is not. The abovementioned
two groups be given their own names with a view to
facilitating the relevant statements below.

1. When the liansilion 1ange includes either no marked
dynamic layer or an Ni respectively Hy, the two
systems involved are defined as concurrent with
one another, The vertical sequence of the marked
dynamic laycrs in the composite system corresponds
lo that in a sole system,

2. When the lransilion range includes an N, the itwo
systecms involved are delined as countercurrent
o one another. The verlical sequence of the marked
dynamic layers in the composile syslem does not
correspond lo thal of a sole system.

Between two heating level systems that are
capable of swinging, there are virtually

C. 44 different forms of transition which result
from concurrent and countercurrent sy-
stems respectively.

As yet the sets deflned in chapters 5, 12, 14 and 15 have
not been utilized. Notice that the combination types
here used can include up to 3 such sets. E. g, - W 1
can cmbrace sets II, 1I* and III, which shows that the
essential features of the transition range have already
been determined by the combination types, whereas the
finer structure offered by those scts appears to be
unimporiant dynamically, The more complicated way of
utilizing the sets rather than the combination types
would have yielded identical results. The primary im-
portance attached herein to the wind fleld is cvident
also where two systems act jointly.

We have hitherto assumed the range of transition to
more or less extend vertically. Now the question arises
whether a proper deflnition can be given to a nearly




fwo-dimensioned separating layer. There must in the
transition range be a level of balance between the effects
of the two systems, and there would be nothing more
obvious than regard this level as the separating layer.
However, our foregoing results do not permit to charac-
terize this layer by means of meteorological parameters.
Further, the separating layer could be represented by
that level in which the decrease in temperature of the
lower system passes over to the increase of temperature
of the upper one. Selection of this layer is supported by
the following, At first approach, the vertical tempera-
ture gradient is directly caused by the heating level.
This is illustrated by the temperature arrows (sce
Fig. 13), which point to the respective heating .evel.
Also, the sequence of sets is dependent upon the sign of
0T/ 3z. When using another meteorological quantity to
define the separating layer, a set clearly pertinent to
one of the two systems only (Ib, 1I*), may happen to
become assigned to the other. The heavy disadvantage
of using 3T/3z = 0 in the definition of the separating
layer is that the temperature gradient, which primarily
is caused by the heating levels, is modifled by the
vertical motion. This can subject the 9T/ 3z = 0 level
to heavy vertical shifts. Under the circumstances it is
not advisable to have recoursc to the local, vertical
temperature gradient.

The above disadvantage can, however, be largely elimi-
nated by deriving the mean of temperature over a
whole coherent system (high latitudes — low latitudes),
and forming the vertical gradient of this mean: —

1 oTm 3 1
Ty = — TdF, = — |- TdF
F dz 3z \F
F F

where F stands for the area that at the respective height
is covered by the coherent system. Since the effects of
the vertical motion do not hold with 8T/ 3¢, the defl-
nition of the range of transition renders the height where
3Tw/ 9z becomes zero to be situated within same. The
equation of definition, 0T,/ 8z = U, yialds 4 layer which
is situated at the same height in all latitudes. The
separating layer between the two systems generally will
not be a horizontal level; therefore, in defining the
separating layer over a given place, 3Tn/ 3z = 0 cannot
he used but as a first lead.

This makes neccessary the finding of another basis on
which to define the separating layer, because later prac-
tical use of the results will require matters to be assign-
ed to one system. The primary réle of the wind field
has been repeatedly referred to in this chapter; its
marked dynamic layers will be used {o define the
separating layers.

This is not practicable in respect of the linkages 1b, 2a,
3d and 4c of Tables II and Ila (see also possibility a of
Table III), no marked dynamic layer developing at these
in the transition range. For all these linkages, the

respective separating layer to be defined is not within
the transition range.

It is now possible to give the following definition, which
is generally applicable:

The separaling layer between two heating systems

be that marked dynamic layer (Hp, Ne, Ni) which is
next to the 8T/ 8z = 0 level.

In case of counterourrence, a separating laycr can thus
only be represented by an Nz, in case of concurrence, by
cither an Hy or an N1,
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Chopter 19: Manifestations of the Countercurrent Trarnsition;
the Null Layer of 2nd Kind (N2)

The interpretation of eq. (13) and (18) which are connect-~
ed with an extreme condition of the wind has as yet been
resiricted almost exclusively to the wind maximum. A
thorough analysis will now be made of the case of the
wind minimum also comprised by those equations, and
which mathematically is equal to that of the wind
maximum, It has appeared from regarding the condi-
tlons prevailing on the existence of only onc heating
level that there is no Nz in the “swinging” atmosphere;
on the other hand, the previous chapter has shown that
such a layer develops on the existence of two heating
systems that are linked countercurrently.

1t is only by the joint action of two heating
C. 45 systems that a Null layer of 2nd kind can
develop.
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to C.30 (chapter 12), we can ascribe the following
characteristic to the Ne.

A Null layer of 2nd Kkind is represented
jointly by a persistent minimum of the
horizontal wind speed, an extreme of the
direction of the wind, a reversal of the
large-scale vertical motion together with a

C. 48

nongradientic {low of alr masses from the
area of high pressure {o the aren of low
pressure.

Eaq. (13) and (18) in conjunction with the latter conclusion
render the p, T and p surfaces parallel to one another
at cach point of the N2. Vp and {/p are parallel, as they
are in the case of the Ni; the direction of VT, however,
depends upon the sign of 3T/ 3z, With 3T/Jz negative,

la

4

Fig. 14: Couples of scts in conncetion with an Nt

The investigations rclative to the characteristics of a
persistent wind minimum layer can be basced upon those
made in chapter 4, The maintenance of a wind minimum
is equivalent to the persisteney of the corresponding
quartered field of temperature distribution, which in
turn can only be due to the relevant fleld of the large-
scale vertical motion,

The quartered temperature field belonging to an Ne is
opposite to that of an Ni. Within the range influenced
by an N, the vertical motion therefore is convergent in
the area ol high pressure, while it is divergent in the
arca of low pressure. For continuity, a nongradientic
flow of air masses will take place from the area of high
pressure to that of low pressure, Referring to oq. (34) and
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VT is parallel o the other two gradients; with 8T/ 3z
positive, it is antiparallel to these. This allows state-
ments to be made regarding the relative position of the
Nz and its appertaining Hyp. We are referring to Fig. 14
which holds for the Nt Due to the fact that the change
of wind with height occurring with an N: is opposite,
the relative slope of the T-surface to the p-surface is
opposite as well, From this it can be concluded:

When 6T/3z is negative, the homothermic
layer is below the Null layer of 2nd kind to

C. 41 which it belongs; when 3T/ 3z is positive, it
is above. Thus, as compured with the Ny,
conditions arc reversed,




The couples of sets on Fig. 14 have proved to be the
only ones that can include an Ni. The arrangement of
the couples holding for the N2 on the basis of the fore-
soing, and in accordance with the definitions of the sets,
is inverse to that holding for the Ni:

3T/8z <0 dT/8z>0
Ib Ia
N 11 *
11 11
N b Ia

In view of the indication in chapter 7 that an Ny can
occur both with and without a homopycnic layer, the
relations between the N: and the He will now be
examined. First of all, this requires the possible con-
nections between the extremes of the zonal winds and
those of the meridional pressure gradient to he eluci-
dated. As is evident from chapter 5, the occurrence of a
wind maximum can be with a maximum of the pressure
gradient as well as without, and when there is a maxi-
mum of the pressure gradient, it is positioned below the
appertaining wind maximum. Though, it is possible
theoretically that a maximum of the pressure gradient
does not directly entail one of the wind. Due to the
basic facts this latter occurrence, too, would cause a
wind maximum at not too great a distance from the
heating level, as has been shown in chapter 4.

When a minimum of the meridional pres-
sure gradient originates one of the zonal
wind, the latier is situated below the for-
mer.

Further, since a minimum of the meridional pressure
g}-adient cannot occur within one heating system,

A persistent minimum of the meridional
C.49 pressure gradient can be caused only by
the joint action of two systems,

Possibility 2¢ of Fig. 15 ylelds a wind minimum when-
ever the nearest marked dynamic layer of the lower
system is an Ni. In this case, 2¢ can be regarded as the
upper part of 2b,

Only those possibilities which render a wind minimum
are of interest here. The range of consideration is that
between two Nis having the same direction of wind (. e.,
those with an Ne between them), Due to conclusions C. 2,
C. 3, C. 48 a homopycnic layer (if it exists) is situated be-
low the pertinent Ni respectively above the pertinent Ns,
Thus between an Nz and the Nj below it there cannot be
a homopycnic layer. To investigate the range between
an Nz and the N1 above it, we use as a basis the possibi-
lities 1a, 1b (N1) and 2a, 2b (N2) of Fig. 15. The transition
from 2a to 1a ylelds no homopycnic layer, that from 2b
to 1b, two such layers. At the transitions from 2a to 1b
and from 2b to 1a, the cogent result is another Ho, that
is to say, we finally obtain the transition from 2b to 1pb.

4
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Fig. 15: Extremes of the pressure gradient (thin curves) and the wind (heavy curves).

Formally, there are also threc possible connections
between the minima of the zonal wind and those of the
meridional pressure gradient. Fig. 15 gives a view of
thom. Besides the possibility of two minima appearing
jointly (2b), there is one each of a minimum of only one
of the two quantities occurring (2a, 2¢). With respeet to
possibility 2b, chapter 2 permits the following state-
ment:

Petween a Null layer of 2nd kind and the
Null layer of 1st kind below it, no homo-

C.50 pycnic layer can develop, The vertical range
between an N: and the N1 above it includes
either two Ho's gr none.

Results attained to this point permit to represent the
vertical sequence uf sels belween two Null layers of 1st
kind ({'ig. 16). For the sake of simplicity the Ni that is
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above the N: Is supposed to be the Null layer of 1st kind
that is directly above the upper boundary of the ozonc
layer, The upper system thus does not “oscillate” down-
wards. In ascertaining the relative position of a layer
where the vertical temperature gradient changes its
sign, the following must be taken into account, From the
deflnition of the sets it results that as against the sets Ia,
11, 111, the occurrence of set II* is dependent on a posi-
tive 3T/ 3z, while set Ib on a negative one, A change of
sign of 3T/3z therefore can occur only within the
ranges pertaining to Ia, II, III, Fig. 16a assumes the
change of sign of the vertical temperature gradient
(T (2) min) o occur above the Ni. There are only two
homothermic layers as separating layers between the
lower N1 and the Nz, Since between the N: and the upper
N1 there are either two homopyenic layers or none, these
are shown by dotted lines, and set III which is embraced
by them, is in parentheses. While in the event of the
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absence of the homopyenic layers both the heating level
(T{z)mar) and the minimum of the vertical temperature
distribution occur within one and the same set (II), the
cxistence of set III renders four possible positions of
T(2)mer 808G T(z)us respectively. These are indicated by
vertical arrows.

On Fig. 18b T(z),un is assumed to occur below N, which
places the Hy above the N: to which it belongs, and
makes it represent here the first layer of those separat-
ing the sets, Here, too, the heating level (T(z)uqs) can be
within the range of validity of set II, or, with the
existence of set III, In the vertical range of the latter.
T(z)min can occur only within the range of Ia,

Attention is drawn Lo the fact that we have intentionally
plotted the lines of Fig. 16 at equal distances from one
another, since no statement is possible regarding the
vertical extension of the sets.




Fig.16: Sequences of sets between two N1
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Fig. 17: Possible concurrent connexions between two ,swinging* heating systems



Chapter 20: Manifestations of the Concurrent Transition

The definition of concurrence indicates that the vertical
sequence of the marked dynamic layers of a combined
system Is the same as that of a single system. However,
it does not say anything regarding the vertical sequence
of the sets, and this will now be considered by analogy
with the foregoing chapter.

Use is made of undisturbedly “swinging” lower and
upper systems, Of the lower system, the part that is
required to be considered here is shown at the left hand
of Fig. 17, of the upper system, it is shown at the right
hand. From a physical point of view it is of course
impossible to regard the two systems as existing side by
side; there must be a point where a passage occurs from
the lower to the upper system, and below which the
upper system becomes imaginary, while above it, the
lower system. Thus Fig. 17 must be understood in such
a way that we ascend in the lower system (left hand)
up to a point which is consistent with the definition of
concurrence, where we pass to the analogous point of
the upper system (right hand) and proceed upwards
within this. The respective arrows on Fig. 17 join the
corresponding points of the two systems at which the
meteorologic field parameters have the same value, thus
representing the conditions in the atmosphere at a
specific height, Since in the upper system 8T/3z >0,
whereas in the lower system 3T/9z <0, the vertical
temperature gradient must be zero at this height. That
is to say, the arrows of Fig. 17 represent also points of
T(z)min, and in accordance with chapter 18 can conncect
only sets of the same kind with one another (Ia, II, I1I).
Also, the connections hold for the layers separating the
sets, Ho and Hj, since they separate sets that exist in
either system. However, the Nis ard Hrs must be ex-
ceptea for the rcason that they are next to the respec-
tive sets that do not oceur in the other system, and there
are other reasons to except them: Prercquisite to an Ni
arc barotropic conditions; as Jp/ 9z cannot be zero in
it, 3T/ 8z, too, must be differcnt from zero according to
chapter 2. Nor can 3T/ 3z vanish in tne Hry, for if it did

so, the supposition as to the change of the wind with
height would not be met.

The way the fipure is made up does not render an
explicit view of the range of transition with its parti-
cular features, In the formal transitions considered here,
it is of no account whether a set has been originated by
the effects of either one sysiem or both systems. This,
however, is not a full view. The joint action of both
systems in the {ransition range may cause in it sequences
of sets as do not occur in a single system. Since the
combination types are dominant in the transition range,
the point in question can only be changes in the sequence
of the sets within one combination type. On the increase
of wind with height can occur the setfs II, 1II and II*, on
the decrease of wind with height, the sets Ia and Ib. The
sequence Ib — Ia — Ib cannot materialize since Ib does
not occur in the upper system. Unless there is an N1
above II* its lower boundary as well as itself will dis-
appear. This means that above II*, there cannot be
another set that includes increasing wind with height,
and the sequence IT — II* — II therefore is not possible.
Set 11, however, is retained when due to the effects of
the upper system, it passes via an Hp-layer to set III of
the upper system.

Summarizing, we can say:

When the combined heating systems are
concurrent, the verileal sequence of seis
formally can be regarded as a transition
within the range of a set belonging to both
gystems, from the ,swinging* system with 2
C. 51 negative 37/3z to that with a positive
0T/3z. At this point of transition, 67/9z
is equal to zero. An exception only is the
sequence I¥ — II1 — II, which may occur
due to the joint action of both systems in
the transition range.

The foregoing does not affect the statements of chapter

18 concerning the scparating layer, as genetic causcs
are not involved.




Chupter 21: Importance of the Meridional Temperature Gradients in the
Heating Levels for the Verticul Structure of the Combined System

a) Sunner

It is one of the basic facts in summer the meridional
temperature gradient of the upper heating level is oppo-
site to thut of the lower heating level. Consistently, the
directions of the wind in the vicinities of the heating
levels are opposite, there is west wind above the earth's
surface as against east wind at the upper boundary of
the ozone layer. It has been shown that outside the
transition range, cither system can “oscillate®. First, the
simplest manifestation of the combined system is
regarded. It does not include a system-owned change
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complicated structure. IFor their detailed structure, see
the ,model clock® in the next chapter.

b) Winter

In winter the meridional temperature gradient of the
upper heating level shows in the same directiion as that
on the earth's surface, that is, southward. Under these
conditions it is the countercurrent combination system
which is the simplest (Fig. 21), As for the simplest con-
current combination system, this vesults either in the
case of each system producing one system-owned Hp,
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Fig.18: The simplest concurrently combined system In summer (waving line = heating level)

of the wind direction; this corresponds to the simplest
case of concurrence, with a minimum number of marked
dynamic layers (viz. 2) between the heating levels. Fig. 18
iNlustrates the behavior of the wind field and the re-
sulting circulation scheme in this case.

We now consider the combined systems with one
system-owned H,. In summecr this represents the
simplest case of countercurrence, though it Is not unam-
biguous any longer because the Hy, may occur either in
the lower system (Fig. 19a) or in the upper system
(Fig. 19b).

Theoretically it is possible that both the systems develop
one or morc system-owned Hy's, this resulting in con-
current or countercurrent combination systems of a
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or in the case of one systein producing two such layers.
Schematically the vertical wind proflles are the same
with any of these three possibilities (Fig. 20).

The complicatod combination systems which are possible
theoretically can be found also by means of the model
clock.

*

It does not cause any difficulties in neither of the two
scasons to determine the separating layer of a counter-
current combination system; this cannot be another
layer but the Null layer of second kind. But with the
concurrent combination system the separating layer can
only be found using the definition given in chapter 18.




As yet merely the direction of the meridional tempera- reason that both the terms of concurrent and counter-

ture gradient in the heating level has been taken into current are independent of the intensity of the heating

account, and has been sufficient to show the possible level. The values of the meridional temperature gra-

forms of occurrence of the combination systems, for the dients in the heating levels have so far been ignored for
1 ! ]
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Fig.19: The simplest countercurrently combined system in summer
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Fig.20: The simplest concurrently combined system in
winter
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Fig. 21: The simplest countercurrently combined system in winter

the difficulty of determining their effects, on the basis
of the results found here. For instance, there still re-
mains the question whether an increase in the value of
tho meridional temperature gradient in the heating level
causes an increase, or a deerease, of the respective ver-
tical distances between the marked dynamic layers, and
what cffects this may have upon the range of validity
of the respeclive heating system, Relation between the
mean heating (87T,,/92) and the mean tempcrature
difference in the heating level (3T/0y) may be essential
in this respect, These problems are not just academic
but may prove to be of conslderable importance regard-~
ing the temporary changes of the radlative conditions
(e. g. the scasons).

This brings about considcrations of a causal, physical
nature concerning the mechanism of interaction of two
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heating systems. The strictly formal access which has
been used here in order to offer a gencrous view of the
vertical structure of a combination system, has included
two mutually independent heating systems together
with a well-defined transition range between them. This
it has been legitimate to do when making qualitative
considerations. Quantitative analyses, however, will not
allow to maintain such a restriction, but will rather
require the mutual influences to be taken into account
which occur in the full range of the heating systems or
at lcast in a large part of them.

The concluding chapter will refer to other open problems
as well as to ways how to solve them. Preceded will this
be, however, by a chapter to enable the deduction of the
vertical structure of an atmosphere including any num-
ber of heating levels,




Chapter 22: The Model Clock - Diagrammatic Representation of the Above
Results to Permit to Determine the Vertical Sequence
of Sets in an Atmosphere Comprising Heating Levels

Our aim in the foregoing chapters has been to elucidate
the joint action of two heating levels, selecting from the
variety of their possible combinatious the simplest one.
In order to be able to embrace the whole of the variety
of the conditions caused by two heating levels, a graphic
means of representation, which we call model clock, has
been devised. This quasi-cyclical representation permits
to determine even the fine structure of an atmosphere
including any number of heating levels. However, it has
been shown in the above chapter that the quantitative
relationships cannot be surveyed yet, and while the
model clock enables all the possible kinds of vertical

On dealing with the conditions above one heating level
(3T /3z < 0) the physical necessity of the sets occurring
side by side as shown in chapter 6, has reappeared in
chapter 12 in the form of a systematic, vertical sequence.
Within a ,swinging" atmosphere additionally a cycle is
represcnted by the sets III — II — Ib — Ia, and it is
obvious to illustrate their vertical sequence as a circle
(Fig. 22). It is for symmetry among other reasons that
here, too, the sets are shown at equal vertical extensions.
The marked dynamic layers, viz. the Null layer and the
homobaric layer, divide this circle vertically, and
through a v;.-bound and a v.-bound, into two half circles

V, - Bound

N

b

H, ar H
¢ 0z <0 T

11
\-I

Vy - Bound

Fig. 22¢ The model tlock
The lower ,swinging” system

structure to be determined, no method has up to this
been deduced to determine that particular kind which
would correspor.d to given basic quantities. In other
words, it cannot be said whether, and how often, a
system “oscillates”. As basic quantltics we may regard
the respective meridional temperature gradients In the
healing levels, the amount of their heating (37,/37)
and their mutual dislance.

with increasing (left hand) and decreasing (right hand)
zonal winds respectively, The semicircles arc again
divided by the other sei-separating layers, Hr and Ho,
The abbreviations of the sets, which are now localized,
are given within the respective quadrants. The vertical
structure of a “swinging" heating system can be found
from Fig. 22 by following the dial clockwise, twice in
respect of nach “oseillation; however, on condition thag
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Fig. 23:
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The model clock
Combination of ﬂg“reg 22 and 23

the directions of both the zonal wind and the vertical
motion are given in the starting point.

A dial for dT/3z > 0 by analogy with the above is
Fig. 23. With this, the semicircles cannot be symmetrical
for the reason that now the range of increasing zonal

wind covers three sets while that of decreasing zonal
wind only one.

Fig. 24 is a fusion of the two dials, allowing to deduce
the condition of the atingsphere except for the range of
transition. For 8T/ 8z negative, use the inner band, for
JT/ 3z positive, the outer. The Hr, which separates set II
from II*, is of irnportance only for the latier band.

In view of the rather complicated possibilities included
in the transition range we shall continue to construct
the model clock step by step, first illustrating the mani-
festations of the concurrent transition referred to in
chapter 20 (Fig.25). Here, a T/9z = 0 layer can occur
wilhin the sets Ia, II, IIT, and because of this variety, the
respective place has not been marked on the model
clock. In accordance with conclusion 51, Fig. 25 ist a

supplement to Fig. 24 in that it considers the sequence of
sels IT — IIT — II.

The mocdel clock is to be used thus: Follow the track of
the lower system (8T/3z < 0) up to a given place where
9T /8z = 0; then, with the aliernative of using the by-
way (IID), proceed around the outer band where
3T/ 3z >0, up to the next heating level (3T/ 3z = 0). As
shown earlier, it must be situated either in set II or IIL
Since the heating sysiem we are in is “swinging®, the
byway (IID) is not applicable. 3T/8z is negative above

the heating level, which again requires the inner band
to be used.

Two set sequences are mainly supplied in the transition
range by the countercurrent transition (chapter 18),
according as to whether 37/3z =0 occurs below or
above the Null layer of 2nd kind. Considering at last

these two sequences renders the flnal shape of the model
clock (Fig. 26).

1f 3T/ 3z = 0 occurs above the Ny, pass from set Ia of
the lower system to the dashed line, along which to reach
set II of the undisturbedly “swinging* upper system.
Here the byway (I1I) cannol be excluded either. In the
case of 9T/3dz reversing below the Ne, leave the lower
system al set Ia, and proceed along the dash-dolled line
and around the circuit of the upper system. The alter-
native of the byway (I11) cannot be used unless in con-
nection with the transition,

When using the model clock it must be remembered that
the definition of the sets does not provide an interpreta-
tion of the directions of the zonal wind and the vertical
motion, and the conditions at a specific point of the
atmosphere therefore are not fully explained by just




Fig. 26 e complete model Clock




Fig. 25:
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Consideration of the concurrent transitions

naming the respective set, Mean conditions require the
directions of v: or v: {o be stated as well as what
branch of the circulation wheel is being dealt with. For
acconding to chapter 18, it is only certain assignments
that are possible in respect of v; and v, at the high
respectively the low latitndes. The basic facts furnish a
deflnition of dp/ Jy in the heating levels, and according-
ly, of the direction of the wind. When inserting these
quantities in the model clock at a specific branch of the
circulation wheel, the directions of both v, and v, are
automatically rendered for all sets, since N1 as well as

N: reverse the vertical motion, and H, reverses the zonal
wind,

‘The model clock serves to represent most of the essential
results obtained in this analysis. It does not include the
pleisto-layers, which do not own set separating charac-
teristics, and consistently, does not illustrate their rela-
tive positions to the other layers. However, there must
be at least one pleisto-layer between two layers of
vanishing meridional gradients of a meteorologic para-
meter. Hence the model clock concludes to a certain
extent the theoretical investigations.
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V Concluding Remarks

Chapter 23: Brief Comparison with Meteorological Experience

A scrutiny of this model in the light of empirical results
will itself yield a comprchensive paper, and is to be
supplied in a separate Scientific Report. The object of
Lhis section is to offer a brief comment.

In comparing the above-derived layers with the condi-
tions in nature a disadvantage is the lack of absolutc
mean altitudes, But cven without these, the layers de-
duced here are easily identified with those of which the
knowledge is cmpirical.

The deduced homopycnic layer is (over the middle lati-
tudwes) situated at a mean height of 8 km [1, 14].

The Null layer of 1st kind is situated at a mean heighit of
10 km {7, 13, 16), its existence being proved by the per-
sistency of the high-tropospheric wind maximum. The
wind maximum would have to be disturbed within a
shorl peried by friction, turbulence and the interchange
ol air masses, and as shown by B.Haurwitz {17] the
winds in it would have to be subgradientic and to have a
flow component towards the low pressure. It is, however,
known from cxperience that the wind maximum is per-
sistent and, whencver dissolved, reappears afier a two
or three days period. This furnishes the proof that the
effects maintaining and rebuilding the wind maximum
are predominant over those trying to destroy it. The
only conceivable mechanism which can be responsible
for the maintenance of the wind maximum is given by
the vertieal motion system being deduced in chapter 4.
Thus the empirical persistency of the high-tropospheric
wind maximum is the simplest, and best, proof that this
wind maximum layer owns Null layer characteristies.
The same holds true analogously for the other layers of
cxtreme winds deduced here.

Conelusion 5 says that the homothermic layer belonging
10 the Ny is situated “slightly above the Null layer®, This
homothermic layer, which is connected with a reversal
of the meridional temperature gradient, is apparent from
(14, p.201, 15], and especially from the Scientific Re-
port No. 8 of the Project's third year (1961/1962), which
offers a diagrammatic view of the mean p, T and ¢-
differences between Fairbanks (64° N, 147°W) and Patrick
(28”N, 80”W) [18]. Empirical investigations so far
carried through have not yet yielded a clear proof as to
vsacther or not the homothermic layer is indecd situated
“slightly above the Null layer*, The evaluation of par-

54

tial results would indicate the actual difference in height
between these two layers to be of the right gign.

[18] also proves the existence of the deduced layers of
maximum meridional gradient of pressure, which coin~
cide with homopycnic layers, as well as of those of tem-~
perature and density. They are apparent from [15, 19)
also. Duc fo advection, a maximum of the local disper-
sion is caused by them at that specific height. Such a
vertical distribution of density dispersion ig shown i.g. in
[20], and in fact proves the findings. Corresponding in~-
vestigations have been started with respect to the ver~
tical distribution of temperature as well as of pressure
dispersion, The empirical results available reveal that
in the yearly mean for the temperate latitudes, the
pleistopyenic layer above the Ni is situated at 12 km,
and the pleistothermic layer above the N:i at 14 km.
There are only weak indications in [18] (system high
latitudes — low latitudes) of the occurrence of the de-
duced pleistothermie layer below the Null layer, while
therc arc none at all of the occurrence of the respective
pleistopyenic layer.

In the high/low system the pleistothermic layer is well-
known {rom synoptic experience. It is situated at about
5 km. The authors have not so far met with any empiri-
cal data indicating the behavior of the horizontal den-
sity gradient at those altitudes (high/low system), and
examinalions to furnish an empirical proof have been
started.

The Null layer of 2nd kind is known from [15, 21, 22, 23],
the pertinent reversal of the meridional temperature
gradient from [15, 16, 18, 21]. The Nz occurs only in win-
ter, its mean altitude being 20 kia. In summer, there is
at that adtitude a homobaric layer connected with a
reversel of the mean zonal wind direction [15, 16, 18, 21].

The existence of a homopyenic layer above approxima-
tely 20 kin had nol been clear until recently, When in
setting up this model, its existence was theoretically
found for the summer though not for the winter, a com-
prehensive statistieal approach was made [18] to the
problem, which proved the theoretie results to be correet.

‘The findings are also confirmed by the yecent pubiica-
tion [24]).

Unlike the foregoing conditions. those ahove 30 km of

course are not o easily to be proved emptirically. Never-




theless a persistent wind maximum with a reversal of
the horizontal temperature gradient has been found at
about 55 to 60 km by W. Attmannspacher [15, 25), which
displays west winds in winter and east winds in sum-
mer. This represents the Ni deduced to occur above the
upper boundary of the ozone layer (chapter 14), Using
the altitudes known to involve the various Null layers,
H. Faust (1957) constructed a mean general circulation
scheme reaching up to 60 km (28], which he later on
completed with the cooperation of W. Attmannspacher
{27]. By its vertical motion, this circulation scheme inter-
prets easily the peculiar temperature data collected on
occasion of the Rocket Grenade Experiment [28, 29, 301
at a height of 80 km over Fort Churchill, Canada, where
temperatures in winter are more than 60°C above those
in summer. More recently H.Faust [31], using the
Rocket Grenade Experiment temperature data, showed
by aid of the circulation scheme the relative tempera-
ture distribution which has to be expected between the
high and the low latitudes at these heights. A proof of
this was furnished by W. Attmannspacher and J. Toth
[32], when a number of rocket data were available from
the low latitudes. The reason for calling attention to the
proof of the abovementioned circulation scheme is that
this scheme was derived directly from the respective
positions of the Null layers, which arrangeruent has
reappeared in this theoretical analysis.

Regarding the meridional density gradient of the upper
heating level, no unambiguous empirical data are known
to the authors at this point. E. Sods, within the framce-
work of the Project and using the available rocket data,

has commenced to examine those findings from an em-
pirical point of view.

The foregoing coincidences with nature of the results of
this model have been given for examples. Generally
speaking, the authors are not aware of the exislence of
any findings cogently contradictory to the model deduced
by them. :

There is another point that needs attention, While Part
IV has dealt with the possible occurrence of additional
“oscillations* of either of the two heating systems, it has
not decided whether similar ,oscillations* occur in the
mean in combined systems or not. To answer this
question the same amount of complicated calculations
would have been necessary as to find the absolute
heights of the individual layers deduced here. The de-
termination of mean conditions thus have been left to
empirical ecvaluation. This indicates [e. g.38] that in
winter there is mean west wind from the surface up to
above 60 km (Ni); in summer, the west wind shifts to
east at 20 km, to keep this direction up to above 60 km
(N1). That is to say, additional oscillation does not occur
in the inean in either of the two systems. The :eparating
layer in the mean therefore is dependent upon the di-
rections of the respective temperature gradients in the
two heating levels: In winter, these are parallel to one
another, with the two heating sysiems linked counter-
currently (N2), in summer, they are antiparallel, with the
two heating systems linked by concurrence (Hy).

It is to be shown by empirical data whether additional

oscillations of a heating system — perhaps limited in
space — may oceur in particular cases.




Chopter 24: Conclusions and Further Problems

Dispensing with the use of empirical knowledge, the
authors® aim in this analysis has been to ascertain such
marked characteristics of the atmosphere as are based on
very simple suppositions. The major suppositions of
those not utilized arc the conscauences of the existence
of water vapour in the atmosphere and the presence of
the tropopausc, Considering the important role of water
vapour in the tropospheric weather, this result becomes
worthy of note. In the case of the findings of this analy-
sis being consistent with the conditivns in nature, and
there is no indication as yet that they are not, thesc
mentjoned facts will not, therefore, play a decisive part.

For its featurc of separating two atmospheric regions
the tropopause is occasionally named one ¢f the most
imporiant boundaries of atmospheric levels, From the
above study it must be concluded, that this level cannot
cnact an important part in dynamical processes. On the
contrary W. Attmannspacher [34] has shown that hither-
to inexplicable characteristics of the tropopause (e. g
types, vertical dislocations) can be explained by aid of
the Null layer conception.

Inslead of to the tropopause, this paper attaches funda-
mental importance to the separating layer (at about
20 km). This layer is represented in summer by an Hy,
and in winter by an Ne,

The juslification of putting such an emphasis in this
study upon the vertical motions is that the layers de-
duced through them are in fact found in nature. The
vertical motions are connected with nongradientic winds,
whercas the calculations in this paper in what might
appear to be a contradictory way have been effected
gradientically. However, the calculations have been led
only so far us to permit to draw physically simple, but
cogent, conclusions. Then the nongradientic flow of air
masses toward the high pressure in the Nt has been
found simply, and physically cogently, from the principle
ol continuity, avoiding complicated nongradientic cal-
culations. The nongradientic flow of aiv masses deduced
by aid of the principle of conlinuity is consistent with
the vertical distribution of both convergence and diver-
gence of the adiabatically deduced vertical motions,
which again are based on the vector product of two
gradients of the parameters p, T' and ¢.

In a theoretic work which he has not yet published,
W. Attmannspacher has found several torms for the
vertieal motion, one nf which, and apparently the pre-
dominant, is the abovementioned vector product. This
is thorefore the only one which has been utilized in this
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analysis, the subsequent comparison of the findings
with nature having proved this to be correct. As far as
the actual state of knowledge indicates, the vector pro-
duct offers a reasunable description of the large-scale
verlical motion of the atmosphere.

The previous chapter shows Fig. 18 and 21 to represent
the mean circulation scheme for both summer resp.
winter (nn additional “oscillation“); the empirical abso-
lute heights given above enable the km figures to be
included in it. It is, however, known from experience
[35] that especially in winter, another circulation wheel
with direct thermal circulation (descending cold air) is
included extending from the earth‘s surface up to about
3 km, in the range of the flat polar cold air. This polar
high-pressure system has been derived in chapter 10
without calling attention to the fact.

The circulation schemes themselves have been deduced
assuming that at any f{ixed elevation the meridional
gradients do not change their signs in proceeding along
the meridian. However, as known from cxperience
there may in single cases prevail high pressure, at high
latitudes, within the lower dynamic system (0 to 20 km).
Similar large-scale deviations from the mean conditions
will have to be investigated later on in connection with
a division of the mean circulation wheel into individual
wheels covering the meridians.

Encrgetic questions haye not been raised, and it seems
advisable thercfore to throw some light upon the pro-
blem of the transference of energy toward the Ni. Ener-
gy is involved ia the nongradientic flow of air masses
toward the high pressure. G. Hollmann [36] revealed
that the ascending air of the low-pressure system below
the Ni causes more kinetic energy of the horizontal air
motion to be transferred toward the Ni than downward
from it in the high-pressure system which owns less
energy. At the Ni consequently takes place an accum-
mulation of Kinctic energy, which is consumed by the
work performed by the flow of air masses toward the
high pressure oceurring in conjunction swith super-
gradientic winds. Reciprocally kinetic energy becomes
with-drawn from both sides of an Ne,

The development of an analogical homopyenie layer
scoms to be a function of the speeific weather situation
(bottom set IT or 1), The oceurrence of the bottom sets
Ia, Ib, II and 1II in connceclion with the development of
the pressure systems is supported by varlous considera-
tione, and is to he investigated, since it will he a matter
of considerable conscquence, Equally, an cmpirical
reply is to be given to the question of the development




of a Pp layer at 12 km in the case of the Hy layer below
the N1 missing (bottom set II),

Except in a few cases. it are only pleisto-layers and
homo-layers that have been dealt with in this analysis.
Below and above the 20 km Hjp, pleistothermic layers
whose meridional gradients have the samc direction
would, however, be expected to occur due to the like-
signed vertical motions. Consequently, there would have
to be a minimum condition of the meridional tempera-
ture gradient in the vicinity of the H,, It is felt that such
layers of a real minimum condition of the meridional
temperature gradient, which have not been given a
name, should also be examined,

The way the heating levels have been used would have
required the emission levels to be included. Bul ihese
will not influence the direction of the circulation uniess
they reverse the meridional temperature gradient de-
duced above, and such type emission levels are not
known as yet.

The analysis cannot simply be carried to higher levels
due to the really complicate effects of the magnetic field
of the earth upon the ionized air particles as well as of
the tides [37, 38).

Of a much more complicated kind are the circulative
conditions in the seasons of both spring and fall [39].
Although appropriate considerations have been made
which have shown additional, vertically moving Null
layers to occur [40], a separate report is to be written
regarding them so as to avoid this publication becoming
too voluminous. Equally, a model of the tropical lati-
tudes, in respect of which a direct thermal circulation is
assumed to exist, is to be dealt with at some future time.
There, too, the persistent wind maxima [41] scem to
possess Null layer characteristics, the flow of air masses,
however, taking place presumably from the high pres-
sure to the low [42]. (15, 43] make this likely in a Null
layer of 1st kind for the cases of weakening highs and
lows. The circulation in such weakening pressure sy-
stoms indced is considered to take place in a direct
thermal way.

Cf course the value of this analysis (and of those con-
cerning the spring and fall, and the tropics) is not ree
stricted on theoretical considerations. First the resultsare
to be based on empirical data, when the practical re-
quircments may be met as far as reasonable, viz. by
embodying the average values of the meteorologic para-
meters at the individual layers and latitudes, the values
of the meridional gradients, the dispersion, the frequen-
cy distribution ete. Figures may be given for the indi-
vidual months, the respective large-range weather con-
ditions, and for buth the land and sea stations. In such
work the model may serve as a frame. However, the

labor involved will be so extensive as to require elec-
tronic computers Lo be employed.

An important practical application of the model is in
connection with the variation of the solar ultraviolet
rays. The radiant energy given to the second heating
system (20 to approx. 80 km) appears lo be intensifled at
one time while reduced ut another. The variation of
ultraviolet energy measured by QSO satellites is to be
compared with the behavior of the upper system [44]
observed on rocket firings. Additional “oscillations* of
either of the two dynamic systems may be found to
occur in certain cases. But the major question to be
clarified is what cffects any changes of the energy of the
upper system may have upon the behavior of the lower
system. The influcnecs excrted by such processes on the
weather conditions have been revealed by the large-
range wcather research, particularly by the pioneer
work of F. Baur [e. g 45]. The physical processes under-
lying such a vertical coupling of the two systems are to
be subjected to thorough investigation. The various
assumptions that have been made in this respect could
not be maintained, mainly because of the reduced air
<ensity at high altitudes. This model has been found to
offer a noncontradictory suggestion how to imagine
physically the coupling of the processes of the two
systems to take place. For its hypothetical nature, this
suggestion has, however, not been included in this report.
It has been analyzed by W, Attmannspacher in [46]. Fur-
ther empirical work in respect of those problems on the
basis of this model are expected to contribute largely to
the large-range weather research as well as to its

practical application, the long-range and middle-range
forecasts,
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